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September 6, 2000

Noteto the Reader:

This document, entitied An SAB Report on Certain Elements of the Proposed Arsenic
Drinking Water Regulation, was developed by the Drinking Water Committee (DWC) of the US
EPA Science Advisory Board (SAB). Thisreport is now being sent to the SAB Executive Committee
for review and gpprova. Following the Executive Committee s review, the report will become fina and
will be transmitted to the Adminigtretor.

Thisdraft report is dso being released for generd information to members of the public and to
Agency gaff. Thisis conggent with the SAB policy of releasing draft materids when the reviewing
committee has reached consensus on the contents, and the document is sufficiently complete to provide
useful information to the reader. Pending Executive Committee gpprova, the draft document should
not be used to represent official Agency or SAB views or advice. Draft documents at this stage of the
process often undergo revisions before the find version is gpproved and published.

The SAB is not soliciting comments on the advice contained herein. However, as a courtesy to
the Agency offices and laboratories associated with the subject of this SAB review, we will receive and
congder pertinent comments on whether:

1) the Committee adequately responded to the questions posed in the charge?
2) any statements or responses in the draft document are not clear?
3) there are any technica errorsin the draft document?

For further information, please contact:

Thomas O. Miller, Designated Federa Officer
Science Advisory Board (1400A)

U.S. Environmentd Protection Agency

1200 Pennsylvania Avenue, N.W.
Washington, D.C. 20460

(202) 564-4558; Fax (202) 501-0582

Emal: miller.tom@epagov




SAB/DWC - SAB Exec Committee Review Draft (#7) -Do Not Cite or Quote- September 6, 2000



©oO~NO O WNPF

wwwwwgwwwwl\)I\)I\)I\)I\)I\)I\)I\)I\)I\)Hl—‘l—‘l—‘l—‘l—‘l—‘l—‘l—‘l—‘
© 00N O 01 WNPOOWO~NOOCULdRWNREPROOONOOGLA, WDNEO

SAB/DWC - SAB Exec Committee Review Draft (#7) -Do Not Cite or Quote- September 6, 2000

G:\SAB\REPORT $\2000r epor t\2000dr afts\Ar scmte7B.wpd
EPA-SAB-DWC-00-____

The Honorable Carol Browner

Adminigtrator

United States Environmentd Protection Agency
401 M Street, SW

Washington, DC 20460

Subject: An SAB Report on Certain Elements of the Proposed Arsenic Drinking
Water Regulation

Dear Ms. Browner:

This Report was developed by the Drinking Water Committee (DWC) of the Science Advisory
Board (SAB) in response to interactions with the Agency’ s Office of Water and Ground Water during
the June 2000 and August 2000 DWC mestings.

The principal issue before the DWC was consideration of the proposed reduction of the MCL
for arsenic in drinking water from 50 to 5 ng/L. The DWC commends the Agency for undertaking this
proposa asit has been clear for some time that reconsideration of the arsenic MCL wasin order.
While the Committee recognized the need for reduction in the MCL, there was some diversity of
opinion asto the level that would be most appropriate.

The DWC has spoken to some of the issues that make reduction of the MCL to 3 or 5 ng/L
(the proposed MCL) difficult. The mgority of members did fed that there was adequate basis for the
Agency to congder use of its discretionary authority under the 1996 Amendments to the Safe Drinking
Water Act to consider higher MCLs (i.e. greater than 5 ng/L). In the opinion of the DWC, the Agency
has misinterpreted some of the conclusions of the National Research Council’s arsenic report (NRC,
1999). First EPA accepted, as arisk assessment itsdlf, what was meant as an exercise to determine if
avalable human data were sufficiently detailed that modeling of risk could be accomplished. As
indicated by the Academy, this was not meant to substitute for further analyses of most gppropriate
methods that should have been explored by the Agency. AsNRC (1999) noted, there are severa
reasons why the Taiwanese data should not be accepted as being directly gpplicableto the U.S. In
particular, NRC identified clear deficienciesin sdenium intake in the population as well as other
nutritional analyses and the socioeconomic differences between the study area and the rest of Tawan.
Further analyses of the Taiwanese data have been performed since the NRC report was issued that
bring into serious question the use of the comparison populations outsde the study area for estimating
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cancer risksdueto arsenic. A study in Utah suggests that some U.S. populations may be less
susceptible to the development of cancer, dthough the Committee found that study difficult to usein a
quantitative way because of the manner in which the data were presented. Findly, as pointed out by
the NRC (1999), the mechanisms associated with arsenic induced cancer have a sublinear character
which implies that linear models overestimate the risk. Thus, the DWC recommends thet in future
congderations of the arsenic MCL, the Agency more thoroughly explore the risks associated with
arsenic utilizing dternative models and considering the probable differences between the Tawanese
study populations and U.S. populations viaaforma risk assessment. This should adso consder the
factors affecting susceptibility of the developing fetus and children to arsenic.

Further analyses of the Taiwanese data now available to the DWC (Mordes, et d., 2000), but
not to the NRC (see NRC, 1999) point out that the incremental increases in lung cancer and bladder
cancer associated with arsenic exposure were of roughly the same magnitude rather than EPA’s
estimated 2 - 5 times higher rates for lung cancer relative to bladder cancer.

The DWC ds0 has some reservations related to the Agency’s cost projections for the arsenic
rule. In part, this was because of differences between the Agency projections and those of other
organizations (i.e. AWWARF. 2000). However, there were several assumptions made in EPA’s
andydsredative to the digposd of arsenic resduds that the DWC fet were not redistic. The DWC
fedstha assuming that high-sdt residuds can be digposed of through POTWs s unredidtic. In addition,
the assumption that solid resduas can be digposed in municipd landfills as a non-hazardous waste is
flawed. In thisregard, the Agency also assumed that a 10-fold reduction of the arsenic MCL would
have no effect on the levels of arsenic necessary to dlassify atreatment residua as being non-hazardous
by other programs of the Agency.

Ancther problem is that while many of the trestment options identified as best available
technology (BAT) arefarly sandard in drinking water trestment, they have not been gpplied or
optimized for arsenic removd a alarge scde. The behavior of arsenic isfairly unusud and it is not
clear that these technologies can be smultaneoudy operated efficiently for arsenic remova and for thar
other intended purposes.

The Committee suggested that there should be some further review of the concept of
affordability asit is applied to new MCLs. There is some question about whether the $750 estimate for
nationa median household income used by EPA is appropriae for the smal sysemsthat will largdy be
the impacted systems for the arsenic rule. In addition, the Agency needs to evauate cumulative costs of
multiple rules, because each new rule adds some incremental cost to the overdl cost of drinking water
to gpecific households. It aso provided some discussion of whether the practicd quantitation limit
(PQL) for arsenic wasredly aslow as 3 ng/L. Findly, a suggestion was made that the Agency might
profitably consider the development of a phased rule largely based on the uncertaintiesin cost
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projections, but also with some consideration of the uncertainties articulated regarding the levels that
give rise to adverse hedlth effects.

Thank you for the opportunity to review these eements of the arsenic proposal. We would be
happy to continue to engage with EPA asit pursuesthis action. We look forward to your response to
this report.

Sincerdly,
Dr. e
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NOTICE

This report has been written as part of the activities of the Science Advisory Board, a public
advisory group providing extramura scientific information and advice to the Administrator and other
officids of the Environmenta Protection Agency. The Board is structured to provide balanced, expert
assessment of scientific matters related to problems facing the Agency. Thisreport has not been
reviewed for approva by the Agency and, hence, the contents of this report do not necessarily
represent the views and policies of the Environmenta Protection Agency, nor of other agenciesin the
Executive Branch of the Federal government, nor does mention of trade names or commercia products
congtitute a recommendation for use.

Digtribution and Availability: This Science Advisory Board report is provided to the EPA
Adminigtrator, senior Agency management, gppropriate program staff, interested members of the
public, and is posted on the SAB website (www.epagov/sab). Information on its availability isaso
provided in the SAB’s monthly newdetter (Happenings at the Science Advisory Board). Additiona
copies and further informetion are available from the SAB Staff.
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A SCIENCE ADVISORY BOARD/DRINKING WATER COMMITTEE REVIEW OF
CERTAIN ELEMENTSOF THE PROPOSED ARSENIC DRINKING WATER
REGULATION

1. EXECUTIVE SUMMARY

The Drinking Water Committee (DWC) met from June 5 - 7, 2000 and again on August 8,
2000 to consider components of the Agency’s proposa of anew MCL for arsenic in drinking water.
The established MCL is50 ng/L. The current rule proposesto lower the MCL to 5 ng/L and requests
comments on aternatives of 3, 10 and 20 ng/L. The lowering of a nationd standard by afactor of ten
isobvioudy amgor change that will have sgnificant cost impacts for compliance. In the case of
arsenic, the cogsinvolved are substantia, but somewhat problematic because it demands alevel of
trestment not ordinarily utilized in the smal sysemsthat are principaly the focus of therule.

The maor background document on arsenic’s hedlth effects that was provided to the DWC
was the 1999 National Research Council’s report on arsenic in drinking water (NRC, 1999). The
committee reviewed this and additiond materid that it identified in order to answer the charges rdlated
to the forms of arsenic that are responsible for the adverse effects and the influence of dietary arsenic
sources on the risks projected from the arsenic studies conducted in Tawan. The DWC aso
responded to specific EPA questions about the necessity of issuing an advisory to mothers of young
children who may be using tap weter for the preparation of infant formula The DWC dso choseto
comment on the Agency’s use of the information provided by the NRC (1999) report. In particular,
the committee examined whether the Agency appropriately responded to the substance of the report in
developing their regulatory options.

In generd, the DWC found that determining the forms of arsenic responsible for producing
adverse effects has become more complex since the publication of the NRC report. It can no longer
be concluded that inorganic forms are the only active forms responsible for the carcinogenic effects
associated with arsenic. However, the committee agrees that becauise arsenic in drinking water is
largdly of theinorganic form, that those are the appropriate forms for EPA’ s regulatory focus. Recent
findings have aso complicated comparisons of the relative importance of food and water sources of
arsenic. Aslong asthe agency resorts to linear extragpolations of arsenic’s cancer risk, these problems
can be minimized by smply consdering drinking water arsenic as an incrementa risk superimposed on
amore complex background of arsenic in food. The Committee concluded that based on present
information, reducing drinking water arsenic exposure to levels below that in food rapidly reaches a
point of greetly diminished returnsin terms of hedth benefits.
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The DWC had a strongly mixed reaction to the issuance of an advisory to mothers with young
infants. While most panelists thought an advisory was potentialy vauable, the lack of aclear
description from EPA on what an advisory would contain or how it would be implemented kept them
from fully endorsing an Advisory. The Committee noted that the rlease of a Hedlth Advisory was an
EPA policy decison. The Committee noted further that the advisory discussed by EPA did not appear
to be the same as past drinking water Health Advisories, therefore, specia consideration may be
necessary. The main concerns expressed by the committee focused on possible unanticipated
consequences of an advisory. |f EPA chooses to issue an advisory, the Committee advises caution and
recommends that EPA follow techniques that come in large part from good practicesin the pediatric
and public hedth communities. Congderable attention must be given to how and to whom the advisory
should beissued. While the committee had mixed opinions on the vaue of such an advisory, there was
unanimous agreement that it should not be smply issued to mothers through the norma methods for
public natification of problemsin drinking weter.

The DWC commented extensively on the Agency’ s interpretation of the Nationd Research
Council’ s arsenic report. The DWC believesthat the Agency took the modding activity of the NRC
report as being prescriptive despite the clearly sated intention in the report that their efforts were only
examples, not actud risk assessments. The Committee also addressed with some complex issues about
the nutritiond status of the Taiwanese population that formed the basis of the NRC examplesand the
need to congder lung cancer risk in the fina risk assessment. Andyses available since the NRC report
led the committee to conclude that the contribution of lung cancer to overal risk is aout the same as
that of arsenic’s bladder cancer risks. The DWC aso reemphasized the NRC' s cautions about
selenium gtatus and other nutritional and socioeconomic factors that likely make the studied Tawanese
population more sengtive than would be anticipated in the generd the U.S. population.

The DWC notes that the Agency should have thoroughly explored arsenic’ s potentid risksin a
formd risk assessment. This should include modeling of the factors noted above that are important to
arsenic toxicity and which vary across populations. Such arisk assessment should aso recognize the
tenet that children are not young adults; differencesin diet, metabolism, body weight, variable age
groups, consumption of water, toxic effects of meta pollutantsin argpidly growing organism, and
exposure estimates per unit of body weight should be essentid consderationsin arisk assessment of
children.

Attachment A to this report, entitled A Minority Report on Arsenic in Drinking Water: The
Unique susceptibility of Children to Arsenic, by Dr. John Rosen, a consultant to the DWC for the
arsenic review, provides an andysis of issues rdaive to the differentid sengtivity of children to arsenic
that departs from the mgority opinion contained in thisreport. Dr. Rosen isjoined in this dissenting
view by Dr. Barbara Harper amember of the Drinking Water Committee.
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The Agency aso directed questions to the DWC on the cost of compliance with the proposed
rule, with particular attention directed at disposa options for brines and other resduals from treatment
and factors used in the selection of aternative trestment technologies. In addition to these specific
charge questions, the DWC chose to comment on the Agency’s Nationa Affordability Criteria,
especidly their goplication to smal communities, and the practicd quantitation limits (PQL) for arsenic
inwater.

The committee agrees that EPA has covered the spectrum of residua disposa dternatives.
However, the committee fedls that certain dternatives are not viable due to potentia congtraints placed
on utilities. It isthe consensus of the committee that disposa of high-TDS brinesto a publicly owned
treatment work (POTW) will not be viable due to regulatory limits on TDS and dilution of organic
wades in the mgority of systems.

Generaly, the committee believes that the costs estimated by EPA for the rule appear to be
low. From the limited information provided and from EPA’s presentations to the committee at its June,
2000 mesting, the model appears to have certain deterministic and probabilistic components that make
it very complex. The Committee questions whether the technologies identified as best available
technologies (BAT) are gppropriately considered as such because most of them have not been
implemented or optimized for arsenic removd a large-scde. If optimization of these technologies for
arsenic remova reduces their effectiveness for the purposes for which they have been designed, there
could be substantia underestimates of the costs of compliance. Largdly because of these issues, and
recognizing thet thisisapolicy cal to be made by EPA, the Committee suggests that the Agency might
congder aphased rule.

The Nationa Affordability Criteria concerned the Committee aswel. Firgt, the communities
impacted may well be below the National Median Income, which means that the proportion of their
income required will be sgnificantly greater than that estimated by the Agency. Second, the Agency
documentation did not explicitly show an examination of incremental codts associated with other rules
that could impact these systems at the same time. Concern was aso expressed over the possibility of
some unintended conseguences (e.g. abandonment of some of the smal community water systems).

The Committee aso questioned whether the PQL had been established in natural waters.
Some data were supplied to indicate that the currently considered PQL of 3 ng/L may be sgnificantly
higher when messured in natura waters.

Despite the uncertainties in the risk assessment for arsenic, there seemsto be agrowing
consensus among those familiar with the arsenic issue for a subgtantid reduction in the current MCL for
arsenic. The SAB’s DWC is unanimous in its support of a reduction, though individua members of the
DWC vay consderably on where they bedieve the actual MCL should be set. Some members of the
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Pand suggest that the Agency might want to consider the development of a phased rule, largdly to
resolve questions relative to the effectiveness and cost of compliance. Initidly setting a higher MCL
would require trestment by a representative number of community water sysems. The experience
gained from this effort would then provide needed data to actudly plan for the much larger number of
systems that would be required to treat to alower MCL that would be identified as the ultimate target.

2. INTRODUCTION AND CHARGE
2.1 Introduction

EPA’ s Office of Ground Water and Drinking Water (OGWDW) proposed a new Maximum
Contaminant Level (MCL) for arsenic of 5 ng/L on June 22, 2000 (EPA, 2000). Thisisasubstantia
change from the current MCL of 50 ng/L. The existing MCL was based on concerns related to
arsenic carcinogenicity with aprimary focus on skin cancer. In consdering the revison of the MCL,
new data on severa issues were consdered. These included:

a) The qudity of the available epidemiologicad data;

b) Congderation of interna cancers and other hedlth effects attributed to arsenic in
continuing andyses of the data from Taiwan and other populations having drinking
water with elevated arsenic levels,

) The applicability of the data from Taiwan to the U.S. population;

d) Whether the mechanisms involved require linear or non-linear risk extrgpolation; and

e) Practica limitations on the measurements of low levels of arsenic in drinking water.

Since the arsenic MCL was last considered, there have been new anayses conducted on the
avallable epidemiological data (Some new studies have at least quditatively supported the findingsin
Tawan), and the focus of the analyses have turned from skin cancer to interna cancers, particularly
cancers of the bladder and lung (NRC, 1999). There are now datathat alow us to begin to consider
whether risk extrapolation for low doses should be linear or non-linear. However, studies now suggest
that the mechanisms involved in arsenic-induced cancer are more complex than previoudy recognized.
Thisled the NRC to conclude that athough there are data that support non-linear risk extrapolation, the
data are not sufficiently clear for identifying a point of departure based on dternative modes of action.
Findly, there are now datathat support much lower practica quantitation limits for arsenic in drinking
water.

2.2 Charge



SAB/DWC - SAB Exec Committee Review Draft (#7) -Do Not Cite or Quote- September 6, 2000

The Agency charge to the Drinking Water Committee concerned both hedlth effects and
treatment technology issues. The specific questions from EPA are shown below.

2.2.1 Arsenic Health Effects Chargeto the SAB
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Charge Question 1: Concentration on inorganic arsenic asprincipal form
causing health effects. EPA hasidentified inorganic arsenic as the principa form
causing hedlth effects, and the literature indicates that most arsenic in drinking water is
inorganic. EPA’s MCLG and MCL do not distinguish between arsenate and arsenite.
Does the SAB have perspectives on thisissue that it believes EPA should consider in
developing its risk assessment?

Charge Question 2: Implications of natural arsenic exposurethrough food. The
1999 NRC report estimated the daily inorganic food intake by assuming that 10% of
the arsenic in seafood isinorganic, and dl other foods are 100% inorganic arsenic.
NRC noted that these assumptions set an upper bound on the contribution from food,
whichisabout 10 pg aday for adults. Does SAB agree with the implied NRC
perspective that relative source contribution of food should be taken into consideration
in the setting of the drinking water standard and how might we congder this and
communicate it to the public?

Charge Question 3: Health Advisory on low ar senic water and infant formula.
The NRC report was inconclusive about the hedlth risks to the pregnant woman,
developing fetus, infants, lactating women, and children. Given the potentia for
cardiovascular disease (as evidenced by EPA’s Utah studies and extensive other data)
and uncertainty about risks to infants, EPA plans to issue a hedth advisory to
recommend use of low-arsenic water in preparation of infant formula. Isthis
precautionary advice appropriate given the available information?

2.2.2 Arsenic Treatment Chargetothe SAB

Charge Question 4: Decision tree for waste disposal optionsfor arsenic
treatment brines and spent media. EPA identified waste disposa options that will
likely be used for arsenic trestment resduas. EPA assgned nationa selection
probabilities to each of option in adecison tree. Some people are concerned that after
the drinking water MCL islowered, the Toxicity Characteristic for arsenic will be
lowered and that many drinking water trestment residuals will be subject to the costly
hazardous waste management regulations. EPA beievesthat its anayss shows that
resduds should be nonhazardous, under the current TC of 5 mg/L and even if the TC
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wererevised to 0.5 mg/L. EPA suggests that important questions relaing to waste
disposal do not relate to hazardous waste disposal. Rether, for brines, they relate to
questions such as TDS (total dissolved solids) redtrictions in waters receiving brine, and
restrictions on sanitary sewer discharge dueto TBLLs (technically based loca limits).
For dudge disposd, they relate to redtrictions that may be placed on land application,
which may result in more systems using landfills.

Based upon areview of the attached materials, does the SAB bdieve that the EPA
produced an accurate projection of the likely disposal options for arsenic resduds and
the distribution of these options by trestment type? What are the SAB’s views on the
advantages and the limitations of the various waste disposd options? What effect, if
any, would the SAB’s andysis of these advantages and limitations have on the
probabilities assgned? What are the SAB’ s views on which options will be more likey
used by small systems (less than 10,000 people), and which will be more likely used by
larger ones?

Charge Question 5: Decision treefor ground water treatment technologies.
EPA has identified trestment technologies that will likely be used to tregt arsenic in
groundwater systems. These include ion exchange, activated alumina, reverse osmos's,
coagulaion-assisted microfiltration, greensand filtration, and point-of-use and point-of-
entry devices. The EPA has a0 identified non-treatment options such as
regiondization and aternate source. EPA consulted with smdl utilitiesand AWWA in
order to identify issues which would affect selection of treatment technologies for smdl
systems, which included cost, complexity of operation, chemica handling issues, and
frequency of maintenance on point-of-use devices. EPA has assgned sdlection
probabilities to each of these options in adecison tree that form the basis for the
Agency’soverd| cogt projections. The portions of the preamble that explain this
decision tree aswell as certain other relevant documents are attached.

Does the SAB agree with the principa “branches’ of EPA’s decision tree described in
the attached documents and the likelihood that these options will be used for systems of
various szes with various source water characteristics? What views doesthe SAB
have on EPA’ s description of the advantages and limitations of these treetment
technologies? Would the SAB'’ s views on the these advantages and limitations affect
the probabilities assgned?
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3. HEALTH EFFECTSISSUES
3.1 Commentson the Evaluation of Health Effects and Risk | ssues

3.1.1 ChargeQuestion 1. Inorganic arsenic asthe principal form causing health
effects. EPA hasidentified inorganic arsenic as the principa form causing hedth
effects, and the literature indicates that most arsenic in drinking water is inorganic.
EPA’s MCLG and MCL do not distinguish between arsenate and arsenite. Doesthe
SAB have perspectives on thisissue that it believes EPA should consder in developing
its risk assessment?

The principa form of arsenic responsible for causing hedth effectsis not clear from the
avalable literature. Studies available since the NRC (1999) report indicate that organic arsenicals are
of interest as carcinogens (Wei et d., 1999; Arnold et d., 1999). In addition, the +3 vaence state of
monomethyl arsenic was found to be much more cytotoxic than inorganic forms (Petrick et d., 2000).
On the one hand, methylation aids in the dimination of arsenic from the body, but on the other, it
appearsthat it may generate chemical species that are responsible for adverse effects in some target
organs or cells (Aposhian et d., 1999).

A carcinogenic effect has been observed in the bladder of rats administered DMA for their
lifetime (Wel et d., 1999). These studies did not detect an increased incidence of urinary bladder
tumorsat 12.5 mg/L administered in the water; however, an increase was observed at doses of 50 and
200 mg/L DMA. Further, sudiesby Arnold et d. (1999) indicated alack of a carcinogenic response to
DMA in mice a concentrations of up to 100 mg/kg in the diet indicating that mice are resstant to
bladder carcinogenesis by arsenic. However, Arnold, et d., (1999) confirmed that at 40 and 100
mg/kg DMA in the diet proved carcinogenic to the uroepithelium, while 2 and 10 mg/kg did not. The
carcinogenic action is greater in femae than mae rats and is dose responsive a 40 and 100 mg/kg in
femderats. Infemaerats exposed to DMA at 40 and 100 mg/kg in the diet, cytotoxicity was
observed in the urinary bladder epithelium. These are the only anima studies performed in the absence
of a co-carcinogen that demonstrates an induction of bladder cancer by arsenic or one of its
metabolites when administered chronicaly. The doses of arsenic required are very high levels
compared to the amount of DMA expected to be formed following ingestion of inorganic arsenic in
drinking water. Asaresult these data point to the potential that another form(s) of arsenicis
responsible. However, it isimprobable that this carcinogenic result would be explained by converson
of DMA to inorganic arsenic (Carter et d., 1999).

The DWC recommends that further refinements of the risk assessment for arsenic focus on the
concentrations of various arsenic metabolites in the urine, the serum, and uroepithdid cdlls of rats
treated with these same doses of DMA. This exercise would establish the relationship between bladder
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carcinogeness and urine concentration and speciation of arsenic. This could be used to predict the
concentrations of these arsenic metabolites that would be produced following expasure to inorganic
formsof arsenic. In turn, thiswould inform the Agency on the intake of inorganic arsenic needed to
produce carcinogenic concentrations of specific arsenic metabolitesin the human bladder under a
variety of different exposures. These models should consider the bladder as areservair for arsenic with
the concentration varying over the course of the day.

This does not suggest that inorganic arsenic cannot aso play arolein other target organs. Ng
et d., (1999) found increased incidences of tumorsin the lung and gastrointestingl tract when sodium
arsenate was administered at 0.5 mg AS/L in drinking water to femae C57BI/6J mice (corresponding to
67 nykg body weight per day). Lung cancer is dso implicated in the human population exposed to
arsenic (NRC, 1999). The varying responses of different test animals can reflect differencesin genetic
susceptibility. However, it is aso consstent with the possibility that the development of tumorsin
different tissues could result from different metabolites or metabolite combinations.

Adding to the complexity, are recent findings that a +3 vaence state of organic arsenic is much
more toxic to cdls in culture than the +5 organic forms that have been previoudy studied. Petrick et dl..
(2000) found that monomethylarsonous acid, a +3 vaence form of organic arsenic, is much more
cytotoxic to cdlsin culture than inorganic forms of arsenic, aswell as the +5 forms of methylated
arsenic. Styblo et d. (1999, 2000) have very smilar findingsin cultures of rat hepatocytes and human
cdls derived from the liver, skin, urinary bladder, and cervix with the +3 form of DMA aswdll as
MMA. Theseforms of arsenic are likely to be ashort-lived intermediatesin vivo, and asa
consequence would be found only at low concentrations compared to the +5 forms. At any rate, itis
no longer clear that the inorganic forms are the most toxic ether (as opposed to being carcinogenic).
Consequently, in the future, it will be much more important to pecify the dose, endpoint and target
organ when spesking of arsenic’ s toxicity, because the form responsble may well vary. Therefore, it is
probable that human responses are determined by avariety of conditions and may involve interactions
between metabolites.

Although there are exceptions, the principal forms of arsenic in drinking water are inorganic
forms, and the Agency is setting Sandards for arsenic asiit gppearsin drinking water. Because the
Agency has chosen to adopt the linear modd used for illustrative purposes in the NRC (1999) report, it
would be best to Smply ded with the incrementd risk of arsenic in drinking water. For this reason
aone, the Agency needs to focus on the inorganic forms of arsenic rather than attempting to ded with
al potentid forms of arsenic. Essentidly, it is not possible to consder contributions of different forms of
arsenic to the overdl response based on the data that is available today. This conclusion makesit very
difficult to make recommendations on the comparative risks of arsenic in food vs. water with any
confidence.
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3.1.2 Charge Question 2: Implications of natural arsenic exposure through food. The
1999 NRC report estimated the daily inorganic food intake by assuming that 10% of
the arsenic in seafood isinorganic, and dl other foods are 100% inorganic arsenic.
NRC noted that these assumptions set an upper bound on the contribution from food,
whichisabout 10 pg aday for adults. Does SAB agree with the implied NRC
perspective that relative source contribution of food should be taken into consideration
in the setting of the drinking water standard and how might we congder this and
communicate it to the public?

The congderation of relative source contribution to the total arsenic intake places drinking
water exposure into apractica context. Idedly, a source of achemicd tha exists in many formswould
be weighted by the potency of the form of chemical that is present in producing the effect of interest.
The likdy involvement of organic forms of arsenic in the induction of bladder and lung cancers, based
on anima data complicates the picture, because the assumption prior to the development of these data
was tha only inorganic arsenic forms were respongible. Inorganic forms of arsenic cannot be involved
in the induction of cancer by DMA because it is not demethylated in vivo. There are no datafor
comparison of the potency of the various forms of arsenic. Neither the NRC nor EPA considered the
kinetics of their formation. Therefore, the DWC can only comment thet the lack of data increasesthe
uncertainty about the relative contribution of drinking water to cancer induced by arsenic rlative to that
in food.

To remain within the context of the framework used by NRC and EPA, the DWC first
addressed the above charge to examine the ranges of arsenic exposure through food and water
separatey and then explored the relative contributions of food under various concentrations of arsenic
in drinking water. Accepting that inorganic arsenic isthe mgor concern in drinking water, the DWC
determined how arsenic exposures via these two pathways would contribute to produce adverse human
hedth effects. The Committee found that this depends entirely upon the dose-response modd that has
been chosen to characterize low dose effects. The following subsections discuss the details of the
Committeg' sandysis.

3.1.2.1 Arsenic Exposures Through Food

The NRC report summarized available information on arsenic in food supplies. These estimates
are based on combining information on average diets by sex and age groups with data available on the
total arsenic content of the foods included in the diet. The average diets are based on FDA Totd Diet
Study for Market Baskets Collected for various time periods. For the 1991- 1997 period, total arsenic
intake ranged from 2.15 pg/day for 6-11 month infants to 99.1 pg/day for 60-65 year males (NRC,
1999, Table 3-6).



O©CoO~NOOOULDS,WNPEP

wwwwwgwwwwl\)I\)I\)I\)I\)I\)I\)I\)I\)I\)Hl—‘l—‘l—‘l—‘l—‘l—‘l—‘l—‘l—‘
© 00N O 01 WNPOOWO~NOOCULdRWNREPROOONOOGLA, WDNEO

SAB/DWC - SAB Exec Committee Review Draft (#7) -Do Not Cite or Quote- September 6, 2000

Totd arsenic consumed in foodsis not directly comparable to total arsenic in drinking water in
terms of toxicity. Seafood contributes about 90% of the totd arsenic intake from food. Much of the
arsenic in seafood is in two organic forms — arsenobetaine (AsB) and arsenocholine (AsC). These two
forms are congdered nontoxic, athough, their carcinogenic potential has not been fully evauated. In
contrast, drinking water primarily contains inorganic arsenate and arsenite, both of which are
considered toxic.

For comparisons between arsenic in food and arsenic in drinking water, estimates of the
inorganic arsenic in food have been made by assuming that 10% of the totd arsenic in seafood is
inorganic and that 100% of the total arsenic in food of terrestrid origin isinorganic. For adults, the
average inorganic arsenic intake from foods, based on the above percentages, is 10 pg/day (NRC,
1999, p. 47). Average inorganic arsenic intake from food ranged from 1.34 pg/day for 6-11 month
old infantsto 12.54 pg/day for 60-65 year old males (NRC, 1999, Table 3-6).

EPA citesthe work of Maclntosh, et a. (1997) for an indication of individua variability in
inorganic arsenic intake from food. Maclintosh studied 785 adults and found a mean inorganic arsenic
intake of 10.22 pg/day, with a standard deviation of 6.54 pg/day and arange of 0.36-123.84 ug/day,
using semi-quantitative food surveys. This variahility is gpparently due to variations in diet rather than
vaiationsin the inorganic arsenic content of individua foods.

Neither the NRC (1999) nor the EPA (2000) notes any information on regiond variability in
arsenic content in foods within the United States. Generdly spesking, the food supply within the United
Statesis congdered to be rather homogeneous (Schoof et d., 1999). Thisis not to suggest that some
individuals do not have subgtantia differencesin their arsenic intake viafood.

3.1.2.2 Arsenic Concentrationsin Drinking Water

Using compliance monitoring data from 25 states, the EPA estimated the numbers of ground
water and surface water Community Water Systems (CWS) with treated water faling in various ranges
of arsenic concentrations (EPA, 2000, Table V- 3 and V-4). Using thisinformation, the Committee
prepared concentration exceedency curves for CWSs using ground and surface waters (Figure 1). The
EPA tables provided information whereby percentages of CWSs having concentrations exceeding 2.0,
3.0, 5.0, 10.0, 15.0, 20.0, 30.0 and 50.0 pg/L could
be determined. These concentrations represent the points plotted in Figure 1. EPA datesthat the
digtribution of arsenic concentrationsin CWSs s independent of the size of the CWS (EPA, 2000).
Consequently the plots of concentration exceedency curves for CWSs aso
represent concentration exceedency curves for the entire population served by ground water and
surface water CWSs. It is evident from the curves that groundwater has much higher arsenic
concentrations than surface water. 1t is also evident from the curves that, while most CWSs

10
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have concentrations below the proposed MCL, treated water from some CWSs has arsenic
concentrations considerably in excess of the proposed MCL.
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Figure 1. Arsenic conceniration emceedency curres for cotmntonhity water supplies using ground
and surface waters in relation to average arsenic infalee in food.  Clorarnnity water supply dafa
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The above data can be used to estimate the popul ation-wei ghted average concentrations of
arsenic in drinking waters from ground and surface water CWSs. For this estimate, the percentage of
the CWSsin each interva (e.g. >10.0 to 15.0 ng/L) was multiplied by the midpoint concentration for
that interval (e.g. 12.5 ng/L) to obtain aweighted concentration for thet interva. Summing the weighted
concentrations for dl intervals gives the average concentration. For ground water suppliesthe average
concentration of arsenic is 2.85 nylL,
while for surface water suppliesthe averageis 1.46 ng/L. Since surface water serves 66% of the total
population on CWSs and ground water serves 34%, the overal weighted average concentration of
arsenic in drinking water is 1.93 ng/L.

3.1.2.3 Comparison of Arsenic Intake from Food and Drinking Water

Figure 1 aso represents the relative intake of arsenic from food and water. EPA notes that the
average consumption of drinking water from CWSsis 1.0 L/day (EPA, 2000). The drinking water
consumption rate of 2 liters/day for an adult, which is often used to estimate doses for drinking water,
actually approximates the 90" percentile intake (EPA, 2000). Because the arsenic intake in food isthe
average digtary intake, the Committee decided to calculate drinking water intake based on average
drinking water consumption, rather than the 2 L/day consumption used by NRC (1999).

With an average drinking water consumption of 1.0 L/day, the Y-axisin Figure 1 represents
both the concentration in ng/L and the dose in ng/day. The food intake is represented by the gray area
on the graph under the dashed line at 10 ng/day. Comparisons of the area under the drinking water
exceedency curve with the area of the food “curve’ reflect the rdative contributions of each pathway to
the totdl intake of inorganic arsenic in the diet.

The relaive contributions of drinking water and food to total arsenic intake at the current MCL
of 50 ny/L are shown in Table 1. Dataareincluded for ground water and surface water supplies, as
well as for the weighted total for the entire population of CWSs (both ground and surface). On
average, drinking water contributes 16.3% of the inorganic arsenic intake and food contributes 83.7 %.

Thus, water trestment to reduce drinking water concentrations has limited potentia to reduce totdl
asenicintake. However, for the part of the population consuming drinking water with high arsenic

12
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concentrations, water treatment can result in substantid reductions in combined food and water intake.
For individuas consuming water a 50 pg/day, arsenic intake in water isfive-fold higher than average

food intake.

Table 1. Average contributions of drinking water and food to total arsenic doses for
ground water CWSs, surface water CWSs, and weighted average for all CWSs.

Average Arsenic dose Per cent by
Water Source Pathway (nmy/day) Pathway
Ground Water (GW) Water 2.85 222
Food 10.0 77.8
Total 12.85 100
Surface Water (SW) Water 146 127
Food 10.0 87.3
Total 1146 100
Weighted Average Water 1.93 16.3
(0.34 GW and 0.66 SW) Food 10.0 837
Total 11.93 100.0

3.1.2.4 Effectsof MCL Choice on Drinking Water and Total Intake of

Inorganic Arsenic

The DWC used the EPA data from which Figure 1 was produced to calculate the reductionsin
drinking water concentrations and tota arsenic intake that would accompany various choices for the
MCL. Those data, dong with ancillary data, are shown in Table 2 and Figures 2 & 3. The effects of
treatment to reduce drinking water concentrations can be viewed as truncating the portion of the area
under the drinking water exceedency curve (Figure 1) at the level of the MCL. The reductionin the

13
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areaunder the curve reflects the effect of treatment on average drinking water concentrations. For
these calculations, we assumed that the arsenic concentrations for al supplies having higher
concentrations than the proposed MCL would be reduced to 80% of the MCL vdue. Thisisthe same
assumption as that made by the EPA (2000). The effects of MCL choice on average drinking water
concentrations are shown in Figure 2. Imposing an MCL of 5.0 ng/L would reduce the average
drinking water concentrations from its current value of 1.93 ng/L to 1.40 ng/L.

The reductions in peak concentrations and the percentage reductions in peak concentrations
associated with each proposed MCL are also shown in Table 2. 1t should be noted that reductions of
these szeswould only occur for individuas consuming water & or near the current 50 pg/L MCL vaue.

Table 2. Effects of arsenic MCL selection on average concentrationsin drinking water,
on percent reductionsin average arsenic dosesin drinking water and in food plus
drinking water, on the reductions and percent reductionsin peak concentrations, and on
the number of CWSsrequiring treatment to reach the MCL.

Current MCL Proposed  MCLS
(nylL)
Parameter 50 nylL 20 my/L 10ng/L 5ny/L 3ny/L

Average Ground Water 2.85 252 215 171 139
Concentration (ng/L)
Average Surface Water 146 138 134 124 114
Concentration (ny/L)
Weighted Average DW 193 177 162 140 123
Concentration (mg/L)
Percent Reductionin DW 0 83 16.3 217 365
Concentration/Dose
Percent Reduction in DW Plus 0 13 26 45 59
Food Total Dose
Reductionin DW Peak 0 30 40 45 48
Concentration (mg/L)
Percent reduction in DW peak 0 60 80 20 A
concentration
Number of CWSs Requiring 0 929 2455 5,621 9,330
Treatment

14
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The percent reductions in drinking water doses and total doses (DW + food) for various MCL
choices are shown in Figure 3A and Table 2. At an MCL of 20 ng/L, drinking water and total doses
are reduced by 8.3% and 1.3% respectively, while at an MCL of 3 ng/L, they are reduced by 36.5%
and 5.9%. Because drinking water currently comprises only 16.3% of the total inorganic arsenic
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3.1.2.5. Effects of MCL Choice on Health Benefits

The relative contribution of these two sources to hedlth effects at different MCL choices,
depends on the choice of the dose-response curve used to describe risk of arsenic hedth effects at low
doses. The EPA has used linear extrapolation of the effects of arsenic intake on bladder cancer for
cadculaing heath benefits. However, the mechaniams potentidly responsible for arsenic induced cancer
were cited by the NRC (1999) as being non-linear.

i) Linear dose-response curve

If the dose response curveislinear, then the hedlth benefits are directly proportiona to average
doses. The changesin hedth benefits associated with changesin MCL are directly proportiona to the
changesin drinking water and total doses presented in Table 2 and Figure 3. At an MCL of 3.0 nglL,
the adverse hedlth effects associated with drinking water arsenic would be reduced by 36.5% while
adverse hedlth effects associated with total arsenic intake (food + water) would be reduced by 5.9%.
Other MCL choices are accompanied by smaler reductionsin adverse effects.

Asdiscussed earlier, we do not redlly know what the equivalency of the various forms of
arenic arein thelr intringc contribution to the development of cancer in the Taiwanese population.
Given that the Agency has chosen linear extrgpolation, the DWC recommends that the Agency Smply
look at the incremental risk associated with drinking water, asthat is the controllable risk.
Nevertheless, progressing to ever lower arsenic leves, beow those levelsfound in the U.S. digt, isan
effort in ever diminishing return in mean arsenic exposure per dollar invested in water trestmen.

ii) Sublinear doseresponse curve

If the dose-response curve is sublinear, reductions in exposure in the high ranges of exposure
would have larger hedlth benefits, and reductionsin exposure in the low range of exposures would have
smaller hedth benefits, than their corresponding reductions in average concentrations. Under alinear
dose-response curve, an MCL of 3 ng/L reduced adverse hedth effects by afactor of dmost 4.5 times
that achieved by an MCL of 20 ng/L (reduction in average concentrations by 5.9% and 1.3%
respectively). Under a sublinear dose-response curve, the ratio of the hedlth benefitsat an MCL of 3.0
ng/L to that for an MCL of 20 ng/L would be lessthan 4.5 fold, possbly much less. Under asublinear
dose-response curve, the curvesin Figure 3B would shift such that the dope (efficiency) between
MCLs of 50 ng/L and 20 ng/L would be relatively steeper and the dope between 5 ng/L and 3 ng/L
would be reatively flatter.

18
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Under a sublinear dose-response curve there will be a region where exposures to arsenic from
food and drinking water begin to interact significantly. The benefits of water treatment depend on
where the reductionsin total dose (food + water) occur dong the dose-response curve. Thiswould
require awell-defined sublinear dose-response curve. The generation of such a curve would require an
improved undergtanding of the mechanisms by which arsenic induces its adverse hedlth effects.
Generation of a Sublinear dose-response curve from current epidemiologica studies would likely be
very difficult dueto the generd lack of measuradle hedth effectsin the low dose range.

iii) Threshold dose-response curve

If the dose-response curve includes a threshold va ue then the arsenic doses from food and
water will interact. If the total dose exceedency curve spans the threshold vaue, only that portion of the
exceedency curve above the threshold is accompanied by adverse hedlth effects. The procedures for
estimating the hedlth benefits of various MCL choices would be smilar to those listed above for a
sublinear dose-response curve. Information on the shape of the dose-response curve in the portion of
the curve above the threshold value would be needed as well as the threshold.

3.1.2.6 Discussion

In attempting to reduce the frequency of bladder cancers by reducing drinking water exposure
to arsenic, the EPA isworking in an area where the margind risk reduction issmall. For example, there
are gpproximately 53,000 new cases of bladder cancer each year with 12,000 bladder cancer fatdities.
The number of bladder cancers attributable to arsenic can be estimated under the assumption of alinear
response of bladder cancersto tota inorganic arsenic dose. At an MCL of 3.0 ng/L, EPA estimated
an annud reduction in bladder cancers of 22-42 cases and areduction in fatal bladder cancers of 5.7 to
10.9 per year (EPA, 2000). Atan MCL of 3.0 ng/L, thetotal dose of arsenic isreduced by 5.9%. If
a5.9% reduction in arsenic dose resultsin a 22-42 case reduction in bladder cancer occurrence, then a
100% reduction would result in a 373 to 745 case reduction under alinear dose response relationship.
Under this reasoning arsenic would be responsible for 0.7% to 1.4% of dl bladder cancersin the
United States. At an MCL of 3.0 ng/L, the accompanying 5.9 % reduction in total arsenic dose would
reduce bladder cancers in the United States by 0.04% to 0.08%. At the proposed MCL of 5.0 ng/lL,
EPA satesthat there would be 16 to 36 fewer occurrences of bladder cancer. These represent
reductions 0.03% to 0.07% in the annua occurrence of bladder cancersin the United States. Smoking
and occupational exposures are thought to be the mgjor causes of bladder cancer.

3.1.2.7. Recommendations

The above andyses indicate that average arsenic ingestion viafood is considerably larger than
average arsenic ingestion viadrinking water even a the current MCL of 50 ng/L . For the limited
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populations where drinking water concentrations are at or near the current MCL, considerable
reductionsin tota arsenic exposure can be achieved by reducing the MCL. By assuming alinear dose-
response curve, the EPA was able to caculate the margind benefits of drinking water trestment, even
though food represents the major pathway of arsenic intake. 1f the mode of action supported a
nonlinear response to tota inorganic arsenic intake, food and water pathways would both have to be
consdered in caculating treatment benefits. Such cal culations would require a well-defined nonlinear
dose-response curve and more information on the distribution of food intakes, neither of which are
currently available. Consequently, the DWC concurs that EPA had no choice other than to proceed
with margind risk reduction caculations based solely on condderations of drinking water risk reduction
as caculated using alinear response modd and ignoring food intake. However, it isaso clear from the
above andyses thet there isalimit in the benefits that can be redized by reducing arsenic in drinking
water. It should be kept in mind that regardless of the MCL chosen between 5 and 20 ng/L only the
extreme leveswill be reduced in drinking water. Conversdly, the extremes in arsenic content of foods
will remain undtered by this regulaory action.

3.1.3 Charge Question 3: Health Advisory on Low Arsenic Water and I nfant
Formula. The NRC report was inconclusive about the hedlth risks to the
pregnant woman, developing fetus, infants, lactating women, and children.
Given the potentia for cardiovascular disease (as evidenced by EPA’s Utah
studies and extensive other data) and uncertainty about risksto infants, EPA
plans to issue a hedth advisory to recommend use of low-arsenic water in
preparation of infant formula. s this precautionary advice gppropriate given the
avalable information?

EPA plansto issue a hedth advisory to recommend use of low-arsenic water in the preparation
of infant formula. This advisory would be active during the period covering the interval between
promulgation of the find rule and its full implementation, aperiod from 3to 5 years. The DWC held
extensve ddiberations on the implications of such a hedlth advisory. During the discussion, EPA
provided more detail about the type of hedth advisory envisoned and how it would be disseminated.
The advisory would note that the exposure standard has been lowered but that implementation will be
delayed for aperiod of years and in the interim parents concerned about arsenic risk to infants should
consder using low arsenic water to prepare infant formula. The action contemplated by the EPA is
different from the hedth advisoriesissued in the past and with which many of the DWC members are
familiar. Thiswas a source of confusion in the discusson, in particular it was not understood initidly
that this was an interim measure, rather than alower exposure recommendation for infants. The intent
of the advisory isto dert parents that they may want to take actions to protect their children againg this
potentia risk in the period before the standard comes into effect.
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The moativation for issuing an advisory is concern about hedth risks to the developing child and
uncertainty about cardiovascular risks to infants (that would be expressed later in life) aswell asthe
higher exposure in infants. It recognizes that children are not young adults. Differencesin Sze, maturity
of biochemica and physiologica functionsin mgor body systems, and variation in body compostion
(water, fat, protein and minerd content) dl can modulate the severity of toxicity to any toxicant ina
rapidly developing fetus-infant-child, including arsenic.  Because newborns are the group most different
anatomicdly and physiologicdly from adults, they can exhibit the most pronounced quantitative
differencesin senstivity and susceptibility to environmenta toxicants, including arsenic.

The DWC atempted to reach consensus on the need for a hedlth advisory; however, the
Committee was not able to agree on the need for such awarning. Thiswasin large part because the
Agency was hot able to provide sufficient details on the content of such an advisory. Severd members
expressed concern that the advice sought was on a policy recommendation, rather than the scientific
basis for such arecommendation. The DWC did consder policy concerns, including whether such an
advisory could be developed to warn and inform without darming the intended audience, whether a
focus soldy on infants was gppropriate (or whether pregnant women should be warned), and whether
dternatives would be available.

Asareault, the Drinking Water Committee identified a number of concerns during its discussion
which it wishes to pass dong to the Agency. These concerns and items that should be considered by
EPA if it intends to issue an advisory include:

i) What should be recommended? The DWC was of one mind that it was not the proper
entity to design this advisory. However, there were many concerns, voiced by thosein
favor of an advisory as well as those who opposed it, that this would have to be done
very carefully. Itisnot a dl andogous to other hedlth advisories issued by the Office of
Water and perhaps should be identified as something other than a hedlth advisory to
avoid confusion.

ii) Any hedlth advisory of the type contemplated should focus on hedlth professonds
(pediatricians and public hedlth officids) and not be issued broadly to the public. These
are the people in the community that can be depended upon to find aternatives within
that community.

if) Alternatives must be identified that are reasonable for the community that is being
notified. Bottled water will not have to be in compliance with the new arsenic standard,
a least not immediately.

iv) What do we know about the arsenic content of baby foods and prepared formula?

V) The recent data (Hopenhayn-Rich et d., 2000) suggestive of alink between arsenicin
drinking water and il birth or neonatd mortdity are based on exposure to avery high
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concentration of arsenic (860 ng/L). While children must be consdered to be at
greater risk for atoxic response to any agent in water because they have a greater
water consumption when adjusted for body weight, there is no evidence of heightened
sengtivity or susceptibility to arsenic demondrated by this sudy. The concentrations
possibly associated with adverse reproductive outcomes are also associated with
toxicity in adults. There are Sgnificant uncertainties in the risks for developmentd
toxicity, cancer and vascular disease at exposures in the 5-50 ng/L range that the
advisory would address. The Committee noted that in the Hopenhayn-Rich, et d.,
sudy the increasesin il birth or neonatal mortdity disgppeared after the arsenic
concentration in the Antofagasta drinking water fell to 110 ng/L or less (Figure 4). At
that point, the dtillbirth or infant mortaity experienced in Antofagasta (thet previoudy
had high arsenic water) was smilar to that of the control town, Vaparaiso, with arsenic
concentration around 5 ng/L.. Sometimes the exposed town was less than and
sometimes greater than the control town; these were smdl| differences, not in a
congstent pattern and appeared to be due to randomnessin the data (which were
averaged over 4 year periods because there was considerable variation from year to
year). Other are data indicate children may differ somewhat in the extent of arsenic
methylation, however, it isnot clear if thiswould incresse or decrease toxicity.

Vi) The DWC fdt that if an advisory isto be developed it should inform without darming.
Information should be provided that ensures that as aresult of an advisory, choices are
not made that might subject children to dehydration, inadequate nutrition, or other
unanticipated risks as aresult of this advisory.

Vii) Thisisapolicy issue, not ascience issue.

Attachment A to this report, A Minority Report on Arsenic in Drinking Water: The Unigque
susceptibility of Children to Arsenic, by Dr. John Rosen, a consultant to the DWC for the Arsenic
Review provides an andyss of issues rdative to the differentid sengtivity of children to arsenic that
departs from the mgority opinion contained in thisreport. Dr. Rosen isjoined in this dissenting view by
Dr. Barbara Harper, amember of the Drinking Water Committee.

3.2 Commentson EPA’sinterpretation of the NRC report:
3.2.1 General Comments

This section of the report discusses some uncertainties associated with the Taiwanese study
data used to estimate risks to U.S. populations from arsenic in drinking water. The DWC bdlieves that
the Agency may have mignterpreted the intent of the statistica andyses of the Tawanese data and the
interpretation of the risk statements that were provided in the NRC (1999) report. The NRC panel
was careful to point out that it did not mean to imply that its andyses are formd risk assessments (see
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page 264). Rather the pand evduated different modes as a means of exploring the utility of the
available datafor usein estimating the risk of bladder cancer from arsenic exposure. The DWC
learned of abroader set of andlyses that have been published since the release of the NRC report.
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Mortality Rate (/1000)
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Figure 4. Arsenic Exposure and Reproductive Outcomes.*
*Note: Data are drawn from Tables 2 and 3 in Hopenhayn-Rich, et al. (2000). Because the water concentration and outcomes data
were grouped into different time brackets in the two tables, results have been graphed by year. The concentration data are for the
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town of Antofagasta. A new drinking water source for Antofagasta was introduced in 1958: this source was high in arsenic and the
concentration of arsenic in drinking water increased. In 190, an arsenic-removal plant was installed and the arsenic concentration in
the drinking water fell. The control town, Valparaiso, has no historical evidence of high arsenic concentration. The concentration is
described in the text below as 5 ug/L in recent surveys and below the detection limit (20 ug/L) in monitoring performed by the water
company between 1990 and 1994.

Ordinarily, epidemiology studies compare the disease incidence in an exposed population with
agroup that has lesser exposure (i.e., a comparison population). However, if there are substantive
differences in the characteristics of the comparison population, the differences noted may not be valid.
It is possible to model dose-response without a comparison population by smply looking at the
response rates within the exposed population as a function of the gradation of exposure. Some
unredigtic risk estimates can be derived from the Taiwanese data suggesting that the use of comparison
populations (i.e,, the whole of Taiwan, or even the remaining portions of southwestern Taiwan) is
inappropriate. The utilization of these data also tend to distort the dose-response curves obtained with
the linear modd. This suggests that there are unique festures of the population found in the Taiwan
study area. In the following paragraphs, thisissue is discussed in some depth based on the DWC's
anaysis of the report by Moraes et a. (2000).

Mordes et d. (2000) focused extensively on the impact of including a comparison population in
the analyss of the Taiwanese data. As discussed in the NRC report, the available interna cancer data
are based on 42 villages from the arsenic endemic region, hence al have non-zero exposures to arsenic.
Benchmark doses (BMDs) can be computed from a dose response modd fitted to the village data and
extrapolated to zero, or from models that use popul ation-based data to specify expected cancer rates
at the zero level of exposure. In contrast to the NRC report, which found high concordance between
andysis with and without incluson of a comparison population, the expanded andyses of Moraeset d.
suggedts that estimated BMDs are highly sengtive to incluson of a comparison population. In addition
to data on the whole of Taiwan aswas done in the NRC report, Moraes et a. aso consdered a
smaller comparison population based only on the southwestern region of Taiwan.

The expanded andyses of Mordes et a, which included log and square root transformations of
exposure, suggested that BMDs derived from moddls that included a comparison population could be
an order of magnitude lower than those based on models that did not include a comparison popul ation.
For example, Moraes et d. found that a 1% BMD of 23 ng/L for male bladder cancer from the best
fitting mode including the whole of Taiwan as a comparison population. The anaogous result based on
using only the southwestern region was 54 ng/L. In contrast to the variability of BMD estimates based
on modd s that included a comparison population, Moraes et d. (2000) found a high degree of stability
for models fitted without use of a comparison population: 1% BMD estimates were consstently found
to be around 400 ny/L.
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Mordes et d. (2000) aso extended the NRC andysis to consider additiona classes of dose
response models and by including lung in addition to bladder cancer. An important finding was that
arsenic associated risks from lung cancer were of asmilar magnitude to those for bladder cancer. For
example, the 1% BMD for lung cancer based on the best fitting model (no comparison population) was
343 ny/L for malesand 256 ny/L for femdes.

After some extensive discussion, the DWC was convinced thet there are some good reasons to
rely on the estimates based on models that do not include a comparison population. For onething, if
the lifetime cancer risk a the current sandard (50 ng/L) wasredly 1 casein 100 personsin the
population, or greater, then there should be more evidence of effectsin the US. For example, despite
some methodologica shortcomings, the committee felt that the data available from the Lewis et dl.
(1999) study in Utah were not consistent with risks gregter than 1in 100. The DWC believes that
there are severd possible reasons for not using model s that include Taiwan-wide data as a comparison
population. Theseinclude: (1) lifestyle differences between the poor, rurd population in the arsenic
endemic region and the generd population which are likdly to dter basdine cancer rates and (2) the
likelihood that the population in the arsenic endemic region was aso being exposed to additiond arsenic
infood. This could mean, for example, that someone classfied as being exposed to 40 ny/L in water
might actually have received atotal exposure of 80 ng/L. BMDs cdculated from modds that include a
comparison population will be particularly sendtive to biasin this setting, Snce the generd population
will not have the same background levels of arsenic or the same nutritiond Status as the study
population. In contrast, andyses that use only data from the arsenic endemic region should provide
fairly accurate estimates of the risk associated with incremental increases in the amount of arsenicin
drinking water.

The DWC concluded that issues related to choice and inclusion of a comparison population are
aso problematic for the Utah study (Lewis, et d., 1999). The study population in Utah was based on
records from the Church of Jesus Chrigt of the Latter Day Saints. Just asin Taiwan, there are good
reasons to believe that the andysis could be confounded by lifestyle differences between the study
population and the genera population in Utah. Indeed, the variability seen in the Sandardized mortdity
ratio (SVIRS) reported in the study emphasizes this concern. The DWC recommends that additional
anayses be performed using data only from the study population and focusing on dose response within
that population. The DWC is aso concerned about the way in which exposure levels were categorized
in the Utah study: by classfying subjects in terms of ppb-years of exposure, the study induces an
association between exposure and age. The DWC recommends that the analysis be done with
exposure represented by concentration in drinking water, not ppb-years of exposure. Then
adjustments for cumulative exposure can be made separately.

With respect to the Utah studly, it isimportant that the Agency complete the andysis of these
data. Interms of the cancer risk, thisanalyssisimportant for establishing the range of uncertainties that
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come from attempting to adapt data from Taiwan to estimating dose-response characterigtics for the
U.S. Although the data provided in published results of this study imply that there was no excess
bladder or lung cancer in this population, the data are not in aform that alows dose-response to be
assessed dependably. In the public comment period during the June 5-7, 2000 DWC meeting, the
Committee learned that some of these data were being reandyzed and that some changes in the results
could occur. The completion of these andyses are important to the longer term consideration of arsenic
risk in drinking water. However, the Committee does not think that the Agency should delay decreases
in the MCL while the reanalyssis completed.

In summary, the Morales paper is auseful expansion of the analyss provided in the NRC
report. Risk estimates based on the use of population-based comparison groups appear to be unstable
and lead to risk estimates that are unredigticaly high. Thereis good reason to rely on the estimates that
use only the data from the study area (i.e., no comparison population). These estimates consstently
and gably predict arisk of a magnitude of one in one-thousand for both bladder and lung cancer & the
current MCL of 50 ug/L.

The remainder of this subsection focuses more specificaly on some of the factors that might
account for differences in apparent susceptibility of the Taiwanese population to cancer and other
adverse hedlth effects rdative to the U.S. population.

3.2.1.1 Shortcomings of the Taiwanese data.

As pointed out by NRC (1999), the Taiwan data has serious limitations for use in a quantitative
risk assessment. Below, we briefly describe uncertainties that make it impossible to determine the
extent to which well known risk factors for lung and bladder cancer might have contributed to the
observationsin Tawan and therefore, have implications for arriving at an MCLG. Thisisnot smply a
question of inadequate knowledge of the smoking habits, endemic disease and nutritiona factors within
the population, but of whether these factors might significantly modulate the arsenic effect.

Congderable evidence has accumulated in recent years that arsenic has more marked propertiesas a
cofactor (e.g. cocarcinogen, promoter, and perhaps progressor) than as the soleinitiator of cancer.
The areain Tawan in which the arsenic exposed population livesisrurd, quite poor, and has varying
degrees of evidence of nutritional deficiencies that may be reasonable contributors to the observed
effect ether directly or indirectly enhancing the effects of arsenic. The sengtivity of the risk esimates to
the use of comparison groups of the whole of Taiwan, or even the Southwestern area of Taiwan that
includes the sudy population, highlights thisissue. Comparing these results to the assessment of risk
over gradients of arsenic suggests the possibility that these other factors also contribute to cancer risk in
thearea. Thisis because the dose-response curve can be viewed as having a non-zero intercept on the
Y -axis when only the study population is considered. There are other possible interpretations, but
some of the estimates provided with other comparison groups result in risk estimates of asmuch as1in
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100 at concentrations in the 20 ng/L range. Risks this high are hard to reconcile with the observations
in U.S. populations, because drinking water levels gpproach this concentration in many parts of the
U.S. and no such results have been observed. Despite its limitations, the results of the Utah study aso
suggest there are potentia differences between the affected population in Taiwan and the U.S.

Congdering the above factors leads to a conclusion that transferring the dose response curves
describing the cancer risk in this section of Tawan to the U.S. islikely to bias U.S. risk estimates
towards overestimates. The magnitude of this bias could be large, but the DWC does not have the
resources to resolve these issues more definitively.

3.2.1.2 Effectsof nutrition and preexisting disease in populationsthat have
been studied

A number of mitigating circumstances were identified in the NRC (1999) report that suggest
that risk levels caculated from the Taiwan data should not be rigidly extrapolated to the U.S.
population. Poor nutritiona status is known to be characterigtic of this population and others (Chile,
India) that have been studied. A recent cohort study in Utah (Lewis et d., 1999), found no evidence of
ether bladder or lung cancer where mean drinking water concentrations of arsenic approached 200
ny/L. While these concentrations are up to an order of magnitude lower than found in Stes where
positive associations with cancer have been obtained, these results give rise to Sgnificant questions
about whether the Tailwan data apply quantitatively to those U.S. populations that have amore
adequate nutritiona status.

Experimental work in animals establishes thet deficienciesin selenium subgtantidly increase the
toxicity of arsenic (Pan et al., 1996; Oster, 1992). The NRC (1989) report summarizes the results
from asurvey of urinary slenium concentrations in Taiwan and other parts of theworld. Essentialy,
the study population in Taiwan was estimated to have sdenium intakes that were only 25% of the
recommended dietary intake (NRC, 1989). Ther intakes are less than 50% of the safe range identified
by the World Hedlth Organization (WHO, 1996). For this reason NRC recommended that the
selenium dtatus of the Taiwan population be taken into account in transferring the data to populations
that are sdenium sufficient. Neither NRC or EPA made an attempt to make these adjustments. With a
limited search, the DWC identified a number of studies that have documented substantial effects of
smdler selenium decrements on cancer of the bladder (Helzlsouer et d., 1989) and lung (Sdonen et d.,
1985; van den Brandt et d., 1993). The DWC strongly recommends that the Office of Water take this
factor into account when arriving at an MCL. The Committee expects that additiond data exigts that
could be used for estimating the extent to which nutritional deficiencies of the magnitude identified in
Tawan have on arsenic toxicity in generd and on carcinogenicity specificdly.
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The other nutritiond issue that has been identified in the Taiwanese population from which the
data were obtained, was the potentid for less than optimd intakes of methyl donorsin the diet, such as
methionine or choline. There are data to suggest that hypomethylation (as well as hypermethylation) of
DNA does occur with exposure to various forms of arsenic (Zhao et al., 1997 as quoted by NRC,
1999). Choline deficiency has long been used experimentaly as a tumor-promoting regime in animas
(Lombardi et d, 1994; Saito et d., 1994), therefore it is probable that substantive deficienciesin the
diet could increase sengitivity to arsenic induced cancer in humans. However, the NRC committee did
not indicate whether such deficiencies were documented in the Taiwanese population sudied. There
were indirect indications of what made up a substantia portion of the diet (rice and sweet potatoes),
but the estimates were not quantitative, nor were other constituents of the diet discussed in quantitative
terms.

Other characterigtics of the Taiwanese diet may aso have contributed to the increased
susceptibility to cancer. Zinc insufficiency is aso present in the blackfoot region of Tawan. Zinc can
protect againgt acute arsenic toxicity, athough its influence on the chronic effects of arsenic are not
known. For the study population the diet consisted of 9% protein, while fat contributed 5% of the
cdoric inteke. Poor diets may have dso involved limiting levels of folate, methionine, cysteine, and
B12.

In some Asian countries endemic infectious hepetitis has been known to be important in
sengitizing populations to the hepatocarcinogenic effects of aflatoxin (Casdman, 1996). 1t would be
useful to consder the incidence of infectious hepatitis in the sudy area of Taiwan to determineif that
might contribute to the increased risk for liver cancer found in some sudies. The NRC did not consider
this recognized risk factor inits ddiberations. The DWC suggests that EPA atempt to find out whether
the area sudied in Tawan aso has high rates of hepatitis which is known to act as a co-carcinogenic
factor in liver cancer.

In summary, the characterigtics of the Taiwanese population studied for arsenic carcinogenesis
are not typica of the characterigtics of the generd U.S. populations, but there may be segments of the
U.S. population which have one or more of the same potential co-risk factors as the Tawanese
population. The prevaence of the risk factors mentioned above need to be evduated in both the
Tawanese and U.S. populations. These differences raise significant uncertainties about the accuracy of
risk estimates that are based on the Taiwanese data. Unfortunately, the DWC cannot be more
quantitative in its own assessment for lack of resources and time. For this reason, we join with the
NRC (1999) recommendation that the Agency develop a more formal risk assessment that attemptsto
take these factorsinto account. However, this should not significantly delay promulgation of arule that
makes a sgnificant reduction in the MCL for arsenic as there may be populations with amilar nutritiona
deficiencies within the U.S.
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3.2.1.3 Modesof action attributed to arsenic are sublinear.

Cancer has been produced in experimental animas with arsenic, but a measurable response has
been most readily observed when combined with other treatments, such as the use of atumor initiator
(see Shirachi et d., 1983; Laib and Moritz, 1989). Yamamoto et d. (1995) usng severd different
initiators, found DMA to be an effective promoter in the lung, bladder, kidney, liver and thyroid gland
of therat. The Ste concurrence for these tumors with the human data should be of interest. Wel et d.
(1999) and Arnold et d. (1999) demongtrated that high doses of dimethylarsinic acid can produce
bladder carcinogenesisin therat and Ng et d. (1999) found that tumors of the lung, gastrointestina
tract, and liver were produced with 0.5 mg Askg water as sodium arsenate.

Studies of arsenic’s effects at the cellular and molecular level support a sublinear dose-response
modd (NRC, 1999). Its apparently non-linear effectsin producing structura and numerical
chromasoma abnormdities through gpparently indirect mechanisms are one example. Similar
arguments would be developed for the “comutagenic”’ activity of arsenic. Other plausible modes of
action include modification of DNA methylation (presumably caused, in part, by arsenic’'s competition
for methyl donors) are associated with dtered gene expression. It would be anticipated that these
effects behave in asublinear way at low doses (i.e. possess effective thresholds).

There are abundant data that associates various forms of arsenic with a variety of mechanisms
or modes of action. If they could be shown to uniquely or collectively account for human tumors, the
dose-response curve could be viewed as being sublinear a low doses. NRC (1999) pointed out that
none of these dternative modes of action have been clearly demondrated as essentid in the
development of arsenic-induced tumors. In most cases, even dose-response information showing
parallds between those that produce tumors and those that activate these other mechanisms have not
been explored. Therefore, the NRC concluded that the prudent course would be to use linear
extrgpolation. However, the data derived from studies attempting to identify mechanismsthat are
outlined in much more detal in the NRC report, suggest that applying lineer models for low dose
extrgpolation is not only conservative, but contrary to the datain those reports. 1n reassessing risks
from arsenic in drinking weter, the Committee suggests that the Agency explore non-linear models, such
asthe Moolgavkar, Venzon, Knudson (MVK)

3.2.1.4 Useof experimental data that was available and the need for further
research

Congdering that the Agency is presumed to be acting under anew set of cancer risk
assessment guiddines, the DWC was somewhat surprised that the Agency did not at least provide
some summary of the data that are available and how they inform the current risk assessment decision
made by the Agency. There have been subgtantid breskthroughs in the development of anima modeds
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of arsenic carcinogenesisin the past severd years. In part these data point up the weakness of some of
the arguments that have been made to attribute cancer risk to inorganic arsenic. The relaive ease of
producing bladder cancersin rats with dimethylarsenous acid requires some shift in the paradigm that
was not evident in either the EPA or NRC documents. It is possible that these data are ill too limited
to be of any usein arriving a risk estimates a thistime (NRC, 1999). Moreover, the DWC recognizes
that in the case of arsenic where the margins between actua exposures and effects are smal compared
to most other contaminants, that the find decisonswill involve many non-scientific issues. However,
these data are essentid for identifying susceptible populations and need to be forcefully pursued before
the arsenic MCL undergoes another iteration. The fact that they are not acknowledged in the
documentation put forward by EPA provides no further encouragement to pursue these issuesin the
future. Consequently, we have taken this opportunity to comment on some of the research results that
the DWC feds provide direction for future research in characterizing the risks of arsenic in drinking
water.

Arsenicisnot aclassicd direct acting carcinogen. It does not cause DNA adducts, nor doesiit
induce point mutations athough it can replace some of the phosphates in the sugar-phosphate
backbone of DNA (Dixon, 1997). This can result in the cleavage of the sugar-phosphate/sugar-
arsenate backbone and potentidly in single strand bresks. This mode of action might account for the
occurrence of deletions and trandocations in the absence of point mutations in arsenic-induced cance.
Peatrick (1964) demonstrated the incorporation of arsenic into DNA, protein, and lipid at the same rate
as PO,. Furthermore competition between these two ions has been said to uncouple oxidative
phosphorylation (Frost et d., 1968). Although this dataiis week, it provides amode of action not yet
fully explored.

Adll caninteract with thiols. Thistype of interaction may be important in the interaction with
lecithin cholesterolacyl transferase (Jauhiainen et d., 1988) of potentia relevance to vascular changes
indicative of atheroscleross.

Interactions with thiols are Sgnificantly involved in the metabolism of arsenic. In serum, arsenic
is transported bound to sulfhydryl groups of proteins, GSH, and cysteine. AdlIl can form a complex
with GSH (Delnomdedieu et ., 1994) and is more generdly reactive with tissue than AsV. Moreover,
arsenite (not ionized at physiologica pH) can be taken up by liver cdls and methylated, but not arsenate
(ionized a physiologica pH). Inthe kidney, however, arsenate is taken up, reduced, methylated, and
released into the urine. The reduction of AsV can be accomplished by sulthydryls. For example,
glutathione can provide areducing equivaent for AsV and the resulting AdlI1 can then oxidatively add a
methyl through SAM (S adenosylmethionine) to produce the methylarsenic V.

These are only afew anima studies performed in the absence of a co-carcinogen that
demondtrate induction of neoplasms by arsenic or one of its metabolites. The induction of bladder
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cancer in rats by DMA asreported by Wel et d. (1999) and Arnold et d. (1999) are of particular
interest, since bladder cancer is one of the principa Sites of concern in humans. These studies must be
followed up. Arnold et d. (1999) have indicated that a non-linear mode of action is gppropriate for
DMA in the rat and hence for cacodylic acid (DMA) in the human. Genotoxic effects of arsenic
gppear to require subgtantidly higher concentrations of DMA that would be observed systemicaly in
animas provided DMA, since Moore et d., (1997) found concentrations of 5 mg/ml necessary to
obtain apogtive result inthe MOLY assay. Thefinding of tumorsin severd organs of mice that have
counterparts in the human epidemiology studies, but not bladder, given ardéively low leve of arsenate
by Ng et d. (1999) are d <0 of interest. With these anima models there is now a much more
reasonable path to pursue the mode(s) of action of arsenic and PB-PK anayses that may be
responsible for these tumors.

The leve of various arsenic metabalites in the urine, the serum, and in the target tissues and cdlls
should be determined in these newly developed anima models. The most important questions are the
concentrations and forms of arsenic respongible for each of the tumor types identified in human studies.
When that information is obtained, truly useful pharmacokinetic models can be developed that will be
very important in identifying the concentrations and species of arsenic formed in humans that are
associated with carcinogenesis. Thiswould help to determine the level of inorganic arsenic intake
required to obtain the effective levels of arsenic metabolites under different conditions of human
exposure. Thiswill provide a much more comprehensive basis on which to determine the reative
importance of drinking water and food sources of arsenic.

There are dso genetic factors that increase the susceptibility to bladder cancer that might
contribute to the background rate of tumor incidence that is independent of arsenic exposure. The
prevaence of the GST-mu null and certain polymorphic forms of NAT2* (Bell et d., 1993; Eaton and
Bammler, 1999) in the Taiwanese population (Chiou, et d., 1997) were not discussed by the NRC
(1999) and, we presume they were not explored. These variables have been important modifiers of
risks in smoking populations (Wen, et a., 1994; Salagovic et d., 1999).
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4. TREATMENT TECHNOLOGY ISSUES
4.1 Commentson Treatment Technology | ssues

4.1.1 Charge Question 4: Disposal Options. Based upon areview of the attached
materias, does the SAB believe that the EPA produced an accurate projection
of the likely digposa options for arsenic residuas and the digtribution of these
options by trestment type? What are the SAB's views on the advantages and
the limitations of the various waste digposal options? What effect, if any, would
the SAB's anays's of these advantages and limitations have on the probabilities
assigned? What are the SAB's views on which options will be more likdly used
by smdl systems (less than 10,000 people), and which will be more likely used
by larger ones?

The committee agrees that EPA has covered the spectrum of residua disposa dternatives.
However, the committee fedls that certain alternatives are not viable due to potentia constraints placed
on utilities. It isthe consensus of the committee that digposd of ion exchange (1X) or activated dumina
(AA) treatment resduas to a publicaly owned treatment work (POTW) will not be acceptablein the
vast mgjority of systems because of the high Tota Dissolved Solids (TDS) concentration in those
resduds. Thisisespecidly true in the southwest where treated wastewater is reused for irrigation and
groundwaeter recharge and salt concentration is very important. Additiondly, POTWs generdly are
opposed to receiving organicaly dilute wastes that will reduce the efficiency of biologica trestment.
Thisisthe case in sysems such asin Des Moines, lowa. Thiswould reduce the probability of sdlection
for those aternatives which rely on these disposa options to near zero.

Additiondly, the committee feds that the assumed non-hazardous classfication of the waste
brines and dudgesis not gppropriate for the economic analyss. Itisclear that in Caiforniathe wastes
would be classfied as hazardous and this could result in a public water supply choosing another
dternative. Furthermore, the committee has concerns related to the Toxicity Characteristic Leaching
Procedure (TCLP) test which is used as the standard test for hazardous waste determination. The
TCLPisdesigned to maintain apH of 5-6, which represents the best cast scenario for arsenic binding
to dudge. Therefore, while an arsenic-laden dudge may passthe TCLP test it may il leach arsenic
into the groundwater under normal pH conditions found in some landfills. Additiondly, characterization
of lime softening (LS) dudge by the TCLP test is suspect because the target pH of the test (pH = 5) is
likely to be overwhelmed by the acid neutraizing capecity of LS dudge.

4.1.2 Charge Question 5: Decision Treefor Treatment Technologies. Doesthe SAB
agree with the principa "branches' of EPA's decison tree described in the attached
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documents and the likelihood that these options will be used for systems of various Szes
with various source water characteristics? What views does the SAB have on EPA's
description of the advantages and limitations of these trestment technologies? Would

the SAB's views on the these advantages and limitations affect the probabilities
assigned?

It was very difficult for the committee to address this charge without having the detailed
documentation on the decision tree that was used by EPA to predict technology selection and cost. As
aresult the committee was not able to follow, nor comment extensively upon, the "decision tree.”
Generdly, the committee fedls the cost estimates predicted for the rule gppear to below. From the
limited information provided and from presentations to the committee a the June 5-7, 2000 DWC
mesting, the modd seems to have certain deterministic and probabilistic components that make it quite
complex.

In spite of the limitations noted above, the committee does provide the following observations
on some of the assumptions used in the mode!:

i) Thelist of best available technologies (BATS) seems to overdate the red Situetion. It isthe
opinion of the committee that none of the technologies listed as BAT have been demondrated in
full-scale operation for arsenic remova. Whileit is true that some of the technologies are used
in full-scale water trestment, they have not been operated optimaly for arsenic remova. This
optimization may result in asubgtantialy different control strategy from the traditional operation.

i) The committee is concerned that the list of BAT technologies may bias technology sdection
by community water systems (CWSs), and particularly to bias selection against some of the
more promising emerging technologies [e.g., granular ferric hydroxide (GFH)].

iif) The mode does not appear to account for land acquisition cost. For groundwater systems
using multiple entry points, this may be a subgtantial cost when wells are located on smdl lots of
land within developed portions of a city.

iv) It gppears that the cost of replacement chemicalsis not included in the cost of removing
arsenic. In particular the cost of fluoride replacement when the resulting concentration is below
optimum should be included in the cost of arsenic removad.

V) Itisnot clear that the monitoring burden and costs associated with POU and/or POE
sysemsis adequately represented in the costs for these technologies.

vi) Itisnot clear that EPA has considered the need for increased training and certification of
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operators (or even avallability of personne) for alarge number of very smdl systems. The
committee is concerned that this might lead to closure of some of these systems and increased
reliance on private wdls.

vii) It is clear to the committee that there are uncertainties contained in the modd that result in
uncertainties in the output. It would be more gppropriate to present the output with arange of
results than a discrete number. It isthe feding of the committee that the range of uncertainty is
larger for an MCL of 5 ng/L. as compared to avaue of 10 ng/L or 20 ng/L.

4.2 Other Issues Related to Cost Evaluation
4.2.1 Affordability Criterion

The DWC has previoudy commented on affordability issues (SAB, 1998). In that advisory the
DWC cdled atention to the fact thet there was no Agency definition of “nationd affordability.” The
Committee anticipated difficultiesin utilizing anationd criterion in arule that disproportionately impacts
andl systems, asdoesthe arsenic rule. Many smdl communities fal substantialy below the nationd
median income. As a consegquence the DWC fedsthat it is questionable that the “affordable” amount
derived from the nationd median income gppropriately reflects redity in the impacted communities.

The draft proposed rule states (p. 136) that amedian U.S. household can afford 2.5% of its
income for water costs. This amounts to an "affordability threshold” of $750/yr. The rule then goes on
to ate that the median water bill for small systems was about $250/yr, and therefore, thereisan
available expenditure margin of up to $500/yr. It is dso stated that the cost/household of arsenic
treatment technologiesis below the available expenditure margin of $500/yr, and therefore, no variance
technology for any system size has to beidentified. In other words, the cost of an arsenic MCL of 5
Mg/l isaffordable. It isimportant to remember that in using the median household income that 50% of
the population is below this level and the percentage of household income represented by $750.00/yr
will be greater than 2.5%.

In this argument, EPA ssemsto ignore the fact that there are many other regulations that have
been promulgated or proposed (e.g., Microbia/Disnfection Byproduct Rule, Groundwater Rule, Long-
Term Enhanced Surface Water Treatment Rule, Filter Backwash Rule, etc.), or will be proposed in the
near future. If an affordability criterion isto be developed and argued for thisrule, a determination has
to be made as to the fraction of the available expenditure margin that should be dlocated to compliance
with alower arsenic MCL. Thisfraction has to be somehow related to the risk reduction benefit
associated with the lower MCL rélative to that associated with other regulatory requirements.

The Agency should consider the multiple tradeoffs that are faced in the Stuation that exigtsin
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the U.S. population where some small systems and some senditive subpopul ations might co-occur. This
Stuation raises questions about justifying different levels of protection to different populations because
of cost and affordability concerns., an environmentd justice issue.

If these concerns lead to a suggestion that the systems serving such populations should be
alowed to have higher arsenic levels than those serving more economicaly advantaged populations then
one must be concerned with issues of environmentd justice-or in this case the Situaion in which
disadvantaged populations are asked to accept higher risks than more advantaged popul ations because
of affordability concerns.

The stuation is more complex than just affordability. For example, it is possible that these same
households might, as a consequence of nutritiond or other factors resulting from their economic
Stuation or because of an increased susceptibility, sustain agreater risk from elevated arsenic levels. In
this case, it would be reasonable to expect that the result of any disproportionate cost they would
sustain because of alow arsenic MCL would be increased benefits because their gain from risk
reduction efforts would be greater than others who were not especially susceptible because of these
factors. Inthat case, the increased cost might be balanced by the increased benefit and be better
judtified. However, sncethisis agtuation in which some of the increased risk might be atributed to
poor nutrition, one might also need to congder whether the dlocation of resources to achieve alower
MCL might gain you less than dlocating those resources to improved nutrition. Further, economicaly
disadvantaged or susceptible populations do not only exist in areas served by smdl systems. Many
such persons dso live in areas served by large CWSs.

The bottom line is that households will pay the cost of arsenic removal. Thereis no proposal
for governmental programs that would take on these cogts in lieu of those households. If too high a
trestment cogt shifts those populations away from a smal CWS with some levd of treeatment, to
untrested well-water, additiond risk might result because of microbid or chemica contamination.

The Committee encourages the Agency to congder the many dimensions of their gpplication of
the affordibility criterion in the manner described in the arsenic proposdl.

4.2.2 Practical Quantitation Level (PQL)

The proposed rule states that the PQL for arsenic is 3 ug/L. In addition, the USEPA’ s Office of
Ground Water and Drinking Water presented to the Science Advisory Board Drinking Water
Committee in February, 2000 data that led them to set the PQL at 3 pug/L with acceptance limit of
+30%.
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It is not clear to the committee whether the spike tests were conducted in |aboratory waters or
in natura waters. Thisis an important issue because the arsenic analytical methods, primarily ICPMS,
experiences interference from chloride ion. It islikdy that the PQL for arsenic in natura waters may be
higher than 3 pg/L. Tables 3 and 4 show the analytica results from five laboratories on arsenic levelsin
five groundwater samples collected from Cdifornia, Arizona, and Nevada and one blank sample. The
five laboratories used both ICPM S and GFAA methods.

Table 3. Results of Arsenic Analysesin Natural Waters[ICPM S Method]

Std. Dev.

Sample Lab1l Lab2 Lab3 Lab4 Lab5 Average % RSD
A <2* 40 12 39 56 33 17 52
B 142 120 129 181 118 138 26 19
C 318 30 17 39 56 35 14 41
D 272 40 22 52 58 40 15 39
E <z 20 16 42 41 28 13 45
Blank <2 <1 <2 <1 <1

*These values were set at their detection limits when cal culating the average, standard deviation, and %RSD

While these results were not conducted as part of aforma PQL study, they do suggest that the
PQL in natura watersis likely to be greater than 3 pug/L. Conddering that the proposed PQL of 3 pg/L
isvery closeto the proposed MCL of 5 pg/L, it seems to the committee that a more thorough
assessment of the PQL, and the acceptance criteria at that PQL iswarranted. Figure 5 shows a plot of
the %RSD versus average concentration for both methods. Clearly, these results question whether an
acceptance criteria of +30% is applicable at 3 noy/L.

Table4. Resultsof Arsenic Analysesin Natural Waters [GFAA Method]

Sample Labl Lab4 Lab5 Average Sd. Dev. % RSD
A 4.02 17 447 34 15 44
B 1342 122 13.80 131 0.8 6
C 2.08 18 281 22 05 23
D 447 20 218 29 14 48
E 383 <1* 3.60 28 16 56

37



© O~NOOUITAWNE

N DNDDNNDNDNDNNMNDNDNMNNMNNRPEPPRPEPRPEPEPEPPERPRPRPE
© 00 N O O WNEFE O OOWNO O b WwDNPEL O

w w
= O

R 8K

W W
o Ol

SAB/DWC - SAB Exec Committee Review Draft (#7) -Do Not Cite or Quote- September 6, 2000

Blank <2 <1 <2
*Thisvalue was
set at its detecti
on limit when B0%, : : calcula
ting the = 3 ICPMS averag
esandard G, GG i b WGFAA L devia
on, and = | i %RSD
2 - im
[ P Y A N . P R
- : .
| '
[ :
-E 0% E
2 ]
W !
@ |
A S S S - S
= 0% R e e e 5
£
E :
10% 5
a -
0% i P i i P

a 1 2 3 4 & G 7

& 10 11 12 13 14 14

Average Concentration, ug/L

Figure5. Percent relative standard deviation as a function of average ar senic concentration
(ICPM S -5 measur ements/datapoint; GFAA — 3 measurements/data point.

4.3 Need for Performance Data on Arsenic Technologies

The committee believes that there is uncertainty in both the hedlth effects and the limited cost
anayses provided to the DWC by EPA. This could result in substantid uncertainty in the find netiond
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cost and benefit estimates for reducing the arsenic MCL from 50 pug/L to 5 pg/L.  Further, this

uncertainty is substantialy greeter at low vaues of the MCL (seetheilludration in Fig 6 which usesan
uncertainty factor of 30% as an example). Assuch, it appears that the outcome of mandating such
technol ogies across the country before reliable information on their performance is available will be

difficult to predict. The Committee recommends that the Agency consder whether it might be

gppropriate to gather performance data for technologiesidentified by their decision tree as it has done
in some earlier Stuations. For example, such arationde was used in the Information Collection Rule

(ICR) which required collection of data on the performance and cost of certain trestment technologies
during the Microbia/Disnfection Byproduct regulatory process. These data, which were not available

on anationa bass, were needed before these treatment technol ogies were to be implemented by
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{DFO} at afuture date. During thet interva, sufficient datawould be collected on the performance and
cost of technologies implemented to comply with the interim MCL in those systems needing to reduce
levels of arsenic in drinking water. EPA would then have sufficient data to be able to reeva uate the
MCL as asecond step of therule.
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Figure 6: Cost of a 30% Uncertainty (asan example) in EPA’s National Cost Estimate
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5.0 CONCLUSIONS

The Committee recognizes that selection of the MCL iswithin the policy domain of EPA and
that it isnot just ascientificaly derived number. In setting a Maximum Contaminant Level, EPA must
consder cogs of implementing the rule and the benefits of decreased hedlth risks. Congderable
uncertainty exigsin the calculation of both costs and benefits for thisrule. Even o, it was the
unanimous opinion of the DWC that the MCL needs to be sgrificantty reduced from its current level of
50 ug/L. Each member of the DWC has highher own views about why the MCL should be more or
lessredrictive.

Uncertainties in the hedlth data exist and cause some to suggest that an even more cautious
MCL selection is gppropriate while others suggest a higher MCL is warranted because the Agency
neglected many cautionary statements provided in the NRC document about the shortcomings of the
Tawanese data for etimating risksin the U.S. The Committee believes that the uncertaintiesin
applying risk estimates from the study population in Taiwan to estimation of cancer and non-cancer
risksfrom arsenic inthe U.S. are very large. Some of this concern over the uncertainty could be
resolved if the Agency would extend the analysis of the potentia effects of the uncertain risk factors,
thus following the advice of the NRC to perform additiona formd risk assessments on these data that
consider how these factors may have modified the responses to arsenic.

When the uncertainties that arise from reliance on the Taiwanese data are combined with the
gpparent overestimation of the lung cancer risks in the Agency’ s benefit andysis and the substantive
cogts of implementing the lowest MCLs considered by EPA the Commiittee believes that EPA could
judge that it has sufficient grounds to consider an aternative MCL for arsenic under the discretionary
authority of the 1996 SDWA Amendments. There are technologica uncertainties and they impact on
implementation cogts. These consderations could be addressed by implementing the reduction in a
phased manner, thet is alow ahigher MCL, initidly.

The recommendation for a stepwise approach could be supported by the following rationde:

i) Setting theinitidl MCL at ahigher leve than the find target level would require utilities with
the highest levels to implement arsenic trestment first. This would alow for the gathering of "red
life" data on the performance and cost of various technologies for arsenic remova without
edtablishing a regulation that runs the risk of imposing very substantia costs on the nation prior
to determining the full impact of doing so.

i) Itisnoted that these arsenic trestment systlems will utilize the same technologies set as BAT
by the EPA, and most of them (such as1X and AA) will produce waters that have arsenic
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levelsa or lessthan 3 ug/L virtudly dl the time. Therefore, if the later rulemaking activity setsa
lower MCL, these systems will be able to comply with these lower MCLSs,

iii) Inaddition, the ingtalation of these trestment systems will aso dlow the EPA and the
indugtry to evauate the validity of the assumption that the solid residuas from these
technologies can be disposed in municipd landfills. Thisissue has asgnificant impact on the
nationd cost of an arsenic MCL.

iv) Thefeadhility of financing, designing, congtructing, and commissioning of alarge number of
trestment systemsisin question. A stepped rule will dlow for amore practica implementation
schedule.

v) Under the assumption of linearity, the efficiency of risk reduction is greater (i.e., the costs
per unit risk reduction are lower) at the higher arsenic concentrations, in other words, the first
increments of arsenic reduction below 50 ny/LL are more cogt-effective than further reductions,
at least for small systems (Figure 3B). If future research establishes parameters for a sublinear
dose-response curve, then the differences in efficiency at the upper ranges of the exposure
distribution relative to the lower ranges of the exposure distribution would be even grester than
the differences under alinear-dose response curve.
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ATTACHMENT A

A MINORITY REPORT ON ARSENIC IN DRINKING WATER: THE UNIQUE

SUSCEPTIBILITY OF CHILDREN TO ARSENIC

DR. JOHN F. ROSEN
PROFESSOR OF PEDIATRICS
HEAD, DIVISION OF ENVIRONMENTAL SCIENCES
THE CHILDREN'SHOSPITAL AT MONTEFIORE
THE ALBERT EINSTEIN COLLEGE OF MEDICINE
THE BRONX, NY 10467

*¥*x*xx*SUBMITTED TO THE USEPA’S SCIENTIFIC ADVISORY BOARD ON ARSENIC
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|. SOME PRINCIPLES OF PEDIATRIC AND DEVELOPMENTAL TOXICOLOGY.

Some basic principles of pediatric-developmenta toxicology are presented below. Inthe
following section(I 1), the unique susceptibility of young children to arsenic is outlined, within the context,
phrased smply, that children are not young adults; differencesin diet, metabolism, body weight,
variable age groups, consumption of water, toxic effects of meta pollutantsin arapidly growing
organism, and exposure estimates per unit of body weight are essentid ingredients of risk assessment in
children. In brief, determination of safe levels of exposure to arsenic should take into consideration
physiologicd factors that can place the fetus, infant and young child a greater risk of harmful hedth
effects than adults. Differencesin size, maturity of biochemica and physiologica functionsin mgor
body systems, and variation in body composition(water, fat, protein and minera content) dl can
modulate the saverity of toxicity to any toxicant in argpidly developing fetus-infant-child, including
arsenic. Because newborns are the group mogt different anatomically and physiologicaly from adults,
they can exhibit the most pronounced quantitetive differences in sengtivity and susceptibility to
environmenta toxicants, including arsenic(1-6).

Furthermore, uncertainty factors are widely used to establish guiddines for human exposure,
Thisis often accomplished by dividing the no-observed-effect-level (NOEL ) by an uncertainty factor of
100 in anima studies. This factor comprises two separate factors of 10-fold each: one alows for
uncertainty in extrgpolating experimental data to humans, and the other accommodates variation within
human populations. To provide added protection during early development, a third uncertainty factor of
10 is applied to the NOEL to develop the RfD. Because there exist uncertainty factors relating to
susceptibility and vulnerability during early fetd, neonatd and childhood developmentd toxicity, an
additional 10-fold factor isused by EPA and FDA when testing data relative to children isincomplete.
Thisis not anew or additiona uncertainty factor but an extended gpplication of uncertainty factors
routinely used by agencies of the U.S. Government(7-9). In risk assessment, when thereis some
level of uncertainty relating to the overdl qudity of avalable data, an additional factor, typically 3-
fold, isincluded as a “ modifying” factor. In summary, there are unique risks and increased
susceptibility of the fetus, young infant and child to damage from environmenta chemicas, induding
arsenic. Theserisk assessment paradigms are recognized broadly by the U.S. government. Arsenic fits
directly into the above paradigms.

. THE UNIQUE SUSCEPTIBILITY OF YOUNG CHILDREN TO EXCESSIVE
TOXICANT EXPOSURES:

The NRC/NAS(10) recognized that a margin of safety may be needed when conducting risk
assessments of arsenic, because of variationsin the sengtivity of individua subpopulations.
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2
Some generd concepts followed by specific examplesin different organ systems are provided below.

Children are a unique population; and their risks can differ quditatively and quantitatively from
those in adult(10,11) These differences include organ systems that are

primarily affected by arsenic, such asthe central nervous system, cardiovascular devel opment,
reproductive and developmental organs and cancinogenesis(10).

Physologicaly, repiratory and circulatory flow rates, aswell as cdlular proliferative rates, in
many organs, are greater in children versus adults. From a metabolic standpoint, some enzymatic
pathways are more efficient in the young(the P450s peak in adolescence) and others are far less
effective in young children, such as glucuronidation. Developmental changesin cdll permeshility,
binding and storage modulate the distribution and excretion of xenobiotics. The amount of water
intake(see below) and dietary status differ in young children compared with adults. From an
environmenta standpoint, living space and habits, specific to neonates and young children, are highly
specific for these young age groups. Clearly, variationsin chemica sengtivity and exposure exist in
children in contrast to adults; and developmenta changes from fetal to newborn to postneonatd to
adolescence periods are superimposed on genetic and environmenta variables in the young child, which
are evidently different from those in adults. Moreover, early exposure in infancy to toxicant metals,
such aslead(12) or arsenic(13) can lead to latent adverse hedlth effects that become manifest later
during adulthood.

Excretory capacity, in relation to the kidney, undergoes a considerable amount of maturation
with aging. Rend clearanceis reduced a birth and gradualy matures over the first few years of life;
and amilar maturation in the liver, in the metabolism of xenobiatics, aso occurs with aging.

In terms of water intake, body mass and cdllular proliferation, in the brain, for instance, the
differences between young children and adults are marked. 1) The body surface: body mass ratio
declines by about 66% from infancy to the adult years; 2) Brain growth is extremely rapid in the first
two years of life. About 75% of al brain cdl types are present by the age of two years; and the brain
represents a considerably larger portion of an infant’s body mass compared to that in adults. Cerebral
blood flow is dso far more robust: aten year-old has aflow rate of about S0L/Kg brain weight
compared to about 40L in a 65 year-old adult. Thus, the younger the child, both brain mass and
cerebra blood flow are considerably greater in contrast to adult values; 3) The Tolerance Assessment
System(TAS), used by the US EPA, indicates unequivocally that infants and young children
consume the highest amount of water per unit body weight during their entire lifetimes. An
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infant, a1 to 6 year-old, a 7-12 year-old children consume 28 grams of water/Kg body weight/day, 30
grams of water/Kg body weight/day and 17 grams of water/Kg body weight/day, respectively, in
contrast to an adult who typically consumes about 10 grams of water/Kg body weight/day. Obvioudy,
the intake of arsenic from drinking water will be greatest within the pediatric age group(11).

In addition to al the above differences between children and adults, it can be concluded
that infants and young children, in contrast to adults, have different exposures to toxic metals
in weter, have different life expectancies, absorb and maintain unique interna doses of atoxic

meta from smilar externd exposures and respond differently and specificdly to the same interna dose
of atoxic metd.

Lll. THE CENTRAL NERVOUS SYSTEM(CNS):

Deveopment of the human CNS involves the production of 100 billion nerve cdlsand 1 trillion
glid cdlg5). Once produced, these cells undergo migration, synaptogenesis, selective cdll loss and
myelination. This progresson occurs unidirectionaly. Thus, inhibition at one developmenta stage can
cause dterations to subsequent processes. Developmenta stages occur in tempordly distinct time
frames across different brain regions thereby making the brain heterogeneous in response to agents that
interfere with specific processes. Unlike other organ systems, the unidirectiona nature of CNS
development limits the capacity of brain tissue to compensate for environmentaly induced cell loss.
Maintenance of thisrigid tempord and spatia schedule alows the brain to develop its various functions.
It isthis developmenta complexity that underlies the sengtivity of the CNS to environmenta insults and
emphasizes the unique characteristics of development which place children at specid risk from
environmenta exposures. 1n 1984, the US EPA indicated that children may be more susceptible to
arsenic-induced CNS damage(14). For example, severe CNS deficits were observed in children
exposed as babies to arsenic-contaminated powdered milk formulas. Follow up of these babiesinto
childhood revealed an increased incidence of severe hearing loss, abnorma EEG patterns, and an
increased prevaence of menta deficiency, seizures and other indices of severe brain damage.

V. THE REPRODUCTIVE SYSTEM:

Toxicant exposure is known to affect critica eventsin the development of the reproductive
system(15). Once exposure has sufficient influence on essentid reproductive events, adult reproductive
competency is reduced or arogated. Critical windows of development are limited temporaly and
characterized by occurrence of sets of organizationa events that congtitute periods during which
exposure can have effects on later reproductive competency. Environmenta exposures can influence
fertility to early embryo loss. Although early embryogenesisis a criticd target of toxicants,
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preconceptiona and even postnatal exposures may aso adversdly affect the reproductive system and
progeny outcomes.

V. THE CARDIOVASCULAR SYSTEM:

Three to eight weeks following fertilization is the critica time period of organ(heart) formation.
At that time, stem cdll populations for organ morphogenesis are established and inductive events of
differentiation occur(16). During thistime, Structural defectsin the heart can ensue. Itisthisvery
narrow time frame when the anlage of the heart isfirst established. Moreover, later adverse effects can
occur as various cdll types begin to differentiate.

V1. CARCINOGENESIS:

The relevance of carcinogenesisto at risk children is discussed on pages 5 and 6(Section
Vil.4).

VII. THE IMPACT OF ARSENIC ON CHILDREN:

1) The NASNRC document on arsenic(10) concluded that the current MCL of 50 ug/L does
not achieve EPA’s goal for public health protection and, therefore, requires downward revision as
promptly as possible. Smilarly, Moraes, Ryan et d., (13) aso concluded that 50 ug/L. of arsenicis
associated with a substantia increased risk of cancer; and this MCL is not sufficient to protect the
public's hedth. For adults, EPA found that the safe level of arsenic, to avoid non-cancer diseases, is
0.3 ug/kg/day(U.S EPA. IRIS online: Arsenic, inorganic: 4/10/98, 0278, off the internet 5/15/00). To
extrapolate this value to young children requires dividing the above intake by afactor of & least 6-
10(see above and below). Morever, if the daily intake of arsenic by an adult is aout 21 ug/day, and
the water intake is about two liters, this equas arsenic at a concentration of about 10 ug/L. For
Superfund sites of which | am familiar, (Pamerton and Throop, PA and Kdlogg, ID), this places
arsenic in the category of an hazardous toxicant a Superfund sites for adults, without any
congderation for the increased susceptibility of young children. As defined by EPA, any MCL above 5
ug/L is, a the very least, an hazard to human health and even more so for children(see below).

2) In children, the arsenic dose per unit of body weight is about 6-fold times higher than in
adults(17). Cdderon et d.(17) concluded that the age-dependent difference in arsenic urinary
concentrations can be attributed to the higher dose per unit body weight in children versus adults.
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3) In abroad range of ages, children do not detoxify arsenic as efficiently asin adults (18, 19).
The net result in children is that increased amounts of arsenic are available to produce toxic effects.

4) Toxic exposures to the fetus and in childhood are recognized determinants of cancer in
adulthood(20-23); and such periods of latency have been demondtrated for hepatitis B exposurein
infancy leading to hepatocdlular carcinoma in adults(20). Morever, modds exist of multi-step
carcinogenesis incorporating initiation and progression to latent expression of disease. Toxicant
exposure during conception or pregnancy can provide the initial mutational event that provides
increased risk of cancer during adulthood. An adult will be a higher risk for cancer, once agermline
dteration occurs; toxicant exposure can lead to somatic dterations postnataly with long latency
periods(20-23).

Children have a generd senditivity to carcinogens that can be demonsrated by early
biomarkers of cancer; and this may foretell an unique senstivity in childhood even when cancer latency
islong(22,23). It isimportant to point out that cancer biomarkersin young children vary consderably
with ethnicity(22); and this observation may place specific ethnic groups of children at higher risk for
developing arsenic-induced cancer as adultg(22). Although thereis presently an absence of
longitudina studies of excessively exposed young children to arsenic, ultimately leading to cancer in
adulthood, the pathophysiologica frame work exists in the fetus, infant and young child for such events
to occur. Thus, the fetus, infant and young children should be considered to be at increased risk for
developing arsenic-induced cancers after long latency periods.

5) To dismiss the Tawanese daia(24) in young and older children in this country isasmpligtic
gpproach to this country’s pediatric population. The mgority report pogts that al American children,
exposed to arsenic, have anutritiona status that is compl ete compared to the Taiwanese population.
“If individuas in the Taiwan endemic zone were a added risk for arsenic effects by virtue of poor
nutritional status, then individuas anywhere with thisrisk factor are of concern(25).” There are about
13 million American children who are living below the poverty line today in the United States(New
York Times. 8/13/00) of diverse ethnicity(African-American, Hispanic and Native American children);
and these subpopulations of American children, except, perhaps, for selenium, are more likely than not
to be in poor nutritional status. Indeed, Smith(26) found the prevaence of skin lesions among men and
children in ardatively smal population, who had been drinking water containing excessive quantities of
arsenic for decades within Northern Chile, was similar to the prevalence of these arsenic induced skin
lesions reported from Taiwan and West Bengd (27). However, the North Chilean population was
nutritionaly sound in contrast to malnutrition reported from Taiwan and West Bengd. Although the
sample szewas smdl in the North Chilean population, the findings were robust.

The above redlity is especidly operative for arsenic and nutritionaly at-risk children in America
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Many of the areas of the United States, which contain rdatively high-risk fractions of particularly at-risk
children, including Native American children, are dso those areas where water arsenic levels are high,
such asin desert areas of the Southwest. Arsenic-laced water consumption among risk groups in the
Western United States would parale the case for the Taiwanese, even if one were to accept that
nutritiona deficiencies were pivotal and determinative for carcinogenic and other non-cancer outcomes
in the Taiwanese people.

Welch et a.(28) recently summarized data from the United States Geologica Survey at an
International Conference on arsenic exposure and hedth effects. Analyses were based upon over 17,
000 analyses of arsenic recorded by the USGS National Water Information System(NWIS). NWIS
datareveded that Western areas of the United States have significantly higher rates of exceedences
using any standard cut-point for arsenic (current or proposed EPA, current WHO) compared to water
suppliesin the East. These data are aso in agreement with arelated survey, namely, the Nationd
Arsenic Occurrence Survey(29).

Native American children living in the Western U.S,, particularly reservation populationsin
desert areas of the Southwest are subjected to the poorest and most risk-producing factors for adverse
effects of arsenicin America. They have higher rates of poverty and typically have higher rates of
nutritional deficiencies in contrast to other demographic and socioeconomic subpopuletions in the
United States. Furthermore, a number of Native American tribes have contemporary diets that are
clinically recognized as predisposing to diverse chronic diseases, for example, cardiovascular and
cancer-based adverse hedth effects. These factors pose additive and, perhaps, synergistic risks
together with excessve arsenic intake from water. Thisis especidly relevant to areas of the
Southwestern United States.

Balew(30) recently described data for the Navgjo in a“Navgo HANES' (Hedlth and Nutrition
Survey) ademographic and ethnic spin-off of the NHANES surveys, smilar to the “Higpanic HANES’
carried out in the 1980s as an adjunct to the 1976-1980 NHANES 1. Navgo dietsare typicaly low
in important sources of vitamins and minerds(30), as are the diets of the Hopi and the Pima(31,32).

The U.S. EPA and SAB Committee cannot claim ignorance of the potential consequences of
nationally high-risk Native-American children(and adults), because the 1997 Exposure Factors
Handbook, widdly used by risk assessorsin various U.S. regulatory scenarios, includes coverage of
thisissue of intakes and diets of Native Americang(33). This multi-volume EPA document presents
information for Native American tribes based upon data from four of these.

Overdl, the SAB Committee and U.S. EPA must address the fact that, when one looks at high
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water leves of arsenic that Imultaneoudy serve as a potentid water source for nutritionally-deprived
and otherwise at risk Native American children and adults(who are dso likely to have increased intakes
of water arsenic and consume animal herds who aso drink arsenic-contaminated water), these
populations would be smilar to the Taiwanese in terms of exposure and nutrition. The article by Harris
and Harper(34) should be consulted to examine the extent to which intakes of toxicant-contaminated
media are remarkably different and much higher than non-Native American populations.

My own direct experience as a clinician working with Navao includes recently published
findings that arsenic and other chemica toxicants, in tandem with radionudlides, will, in fact, produce
toxic harm in utero and post-natdly in Navgo children(35,36). A detailed clinica and risk assessment
evauation of two Navagjo ssters, exposed in utero and in early life to arsenic and other toxicantsin pit
waters was carried out. They were excessvely exposed to arsenic during their pastord family activities
of herding the family’ s sheep on the Navgo reservation in Arizona. The net CNS result was a severe
toxic periphera neuropathy and CNS cortica disease.

Through direct interviews with Navgo family members it was ascertained that many of the intake
parameters(water, in particular), described by Harris and Harper(34) as potentialy elevated, werein
fact markedly eevated. This Navgo family spent its herding existence within an highly arid environment
coming into contact and consuming higher amounts of arsenic contaminated water than typical children
or even Native American children, who did not engage in pastord activity.

In view of the above discussion, it is reasonable to conclude that the subpopulation of
American children are a higher risk for arsenic-related disease than others from anutritiona standpoint,
if the podiulate(rdating to manutrition) isas strongly supported asit isin the mgority report.

6) The recent article by Hopenhayn-Rich et d.(37) reported elevated late fetd, neonata and
postnatal mortdity in a Chilean town(Antofagasta) with high levels of arsenic in drinking water
compared to a control town(Vaparaiso), where arsenic levelsin drinking water were lessthan 5 ug/L.
Smilar results, reported from Bulgaria, including congenita maformationg(38), from Texag(39) and
from other parts of the United States, including congenita cardiovascular maformations, and
spontaneous abortions, collectively support the view of increased susceptibility of the fetus and neonate
to arsenic (40-42). Drinking water levels of arsenic decreased in Antofagasta from 1961 on, so did the
prevaences in fetal mortdity rate, neonata mortality rate and postnatd mortdity rates. In contradt,
when arsenic water levels were devated pre-1961, the combined mortality rate was 68 desths per
1000 births.

More specificaly, these data reflect a dose-response curve thet is typicaly found in the field of
toxicology(43-50). From 1974-1977, dthough mortdity rates were still evated in Antofagasta, a
gradud decline in these rates was observed as drinking water concentrations of arsenic decreased from
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860 to 110 ug/L. In the period of about 1978-1982, the mortdity ratesin both towns were smilar; but
the rate of declinein Antofagastawas far more pronounced over the preceding years than that in
Valaparaiso. Moreover, the rate of decline into the 1980s was the most pronounced for postneonatal
mortaity in Antofagasta, with more gradud reductionsin

neonatal and late fetal mortdity. Arsenic levelsin thistown were decreased to 40 ug/L from the
previous vaue of 70 ug/L. Statigticaly, Poisson regresson andyses(with relaively few data points)
were used to fit the mortdity rates asa function of the estimated exposure to arsenic by log-linear
models adjusting for location and caendar time(37). Arsenic vaues for Vaparaiso were measured by
the Chilean government and the authors, levelslessthan 5 ug/L were

reported. Data collected from water companies during 1990-1994 found that arsenic levelsin
Vaparaso were below the andytica detection limit of 20 ug/L.

In the report by Hopenhayn-Rich and co-workers(37), data were analyzed in 4-year blocks of
time, because there was considerable variation in annua mortality rates. Nonetheless, in the mgjority
report, these originaly reported data were analyzed year-by-year; and it was concluded that a dose-
reponse curve was absent. It is scientifically unsound to re-caculate origind data by artificidly cregting
unreported data. Using the origind data, as reported, analyseswere carried out by linear regression,
Spearman’ s rank correations, and ANOVA. The p values from these three statistica methods ranged
from <0.044 to <0.01 thereby indicating atypical toxicologica dose-response curve as stated
above(Rosen: Unpublished observations).

Hopenhayn-Rich(37) did acknowledge the possbility of confounders in ecologic sudies, such
asthe design of their sudy. However, the distinct tempora pattern of infant mortdity ratesin
Antofagasta compared to Vaparaiso argued strongly againg individua-level confounders; and the
changes in the arsenic levelsin the water was an “indisputable’” event. The authors concluded that “the
results of this study indicate that exposure to inorganic arsenic from public water supplies may be
associated with increased risk of infant mortdity. Specificaly, these data suggest that arsenic exposure
may represent a greater risk for late feta mortdity with lower, but till eevated, risk for neonatd and
postneonatal mortaity.” (37).

The findings of Hopenhayn-Rich(37) are consistent withe the report of Concha et d.(51),

which showed that ingested arsenic crosses the placenta during pregnancy, producing fetal exposure, as
indexed by levels of arsenic in cord blood. The levels of arsenic in cord blood approached those
measured in maternd samples. While this study appeared to show that arsenic metabolites were
present, at thistime, it cannot be ruled out that these metabolites were toxicologically inconsequentid.

In fact, these data gain increased support for their toxicologica sgnificance from the findings of
Hopenhayn-Rich(37), which are congstent with animd studies
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summarized in the NASNRC report(10). As noted(10), animal species do show reproductive and
developmentd effects of arsenic evidenced by birth defects, impaired feta growth, and reduced surviva
rates for fetal and newborn animas.

Collectively, it can be concluded that the above data indicate that young children are an
uniquely susceptible population for adverse hedlth effects of arsenic. Safety information based upon
data from adults, in view of dl the aforementioned differences between young children and adults, are
highly unlikely to effectively protect children, as a subpopulatiion most at risk. In the interests of public
hedlth, the population of the developing fetus, neonate and young infant

should be rigoroudy protected by considerable lowering of the MCL for arsenic to the very lowest
level that isandyticaly reliable. A step-wise “phase-down” of the MCL will not protect this susceptible
population.

VIll. CONCLUSIONS.

From a public hedth point of view, establishing new guiddinesin drinking water for a potent
toxic metd, namely, arsenic, requires protecting the most susceptible population. In thisinstance, the
population includes the devel oping fetus, neonate, infant and young child. To protect this susceptible
population now, the MCL for arsenic should be as low as andyticdly feasble. Any type of “phased-
in” approach, above that which is andyticaly possble, will fal to protect alarge population of
susceptible young children.

IX. THE MEDICAL AND PUBLIC HEALTH NEED FOR AN EPA DRINKING WATER
HEALTH ADVISORY.

| strongly endorse the need for the U.S. EPA to issue a health advisory for arsenic in
drinking water. | do so within my knowledge of the current data base supporting the need for such an
advisory. It ismy understanding that EPA has issued such advisories on numerous occasons. These
can be documented by anyone on the SAB Committee examining the online IRIS file for the many
contaminants contained therein. An explicit section in each of thesefiles refers to hedth advisories. In
my informed opinion, the evidence for the need of such an advisory is compelling, asis my
understanding of EPA’ s requirement to do so.

The evidence that compels such an advisory, particularly for those regionsin the United States
where water supplies of arsenic are eevated, is clear from the voluminous evidence for arsenic within its
toxicologica and epidemiologica context. This evidence indicates that the current MCL isinadequate;
and that currently available science dictates a drastic downward revison. While a substantid revison
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must follow adong afeasble track for implementation, arsenic does not await imparting toxic effects
while various regulatory frameworks become operative. Children specifically will continue to be
exposed while control measures are put into place by EPA. Therefore, the U.S. EPA must take
cognizance of the public hedlth redities-that between on-going intoxication and practical needs for
implementation time frames-by usng

the advisory as amechanism of public hedth awareness and education. The mechanisms for how an
advisory isissued are, generdly, in place and have been used extensively in the past. No deviance from

this process is necessary.
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BAT
CWS
DwC
GFH
LS
MCL
MHI
POE

ATTACHMENT B - Acronymsand Abbreviations

Best Available Treatment
Community Water System

Drinking Water Committee
Granular Ferric Hydroxide

Lime Softening

Maximum Contaminant L evel
Median Household Income
Point of Entry

POTW Publically Owned Treatment Works

POU
PQL
SAB
SDWA
TCLP
TDS

Point of Use

Practical Quantitation Limit

U.S. EPA Science Advisory Board

Safe Drinking Water Act Amendments of 1996
Toxicity Characteristic L eaching Procedure
Total Dissolved Solids
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